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Abstract. This paper presents the preliminary results of an experimental
programme investigating the bond behaviour between natural fibre Textile
Reinforced Mortar (TRM) composites and masonry substrates. The TRM system
used in the study consisted of one and two layers of flax textile reinforcement
embedded within a lime-based mortar matrix, selected due to its compatibility
with historic and traditional masonry materials. The mechanical performance
of the textile-matrix composite, as well as its interaction with the masonry
substrate were evaluated through a series of laboratory tests. These included
direct tension tests to determine the tensile capacity and behaviour of the
composite, and single-lap shear bond tests to assess the bond strength and
stress transfer at the TRM-masonry interface. The results obtained from both
test programmes are analysed and discussed in detail, highlighting the main
parameters influencing bond performance, such as textile layers, mortar
properties, and interface characteristics. Particular attention is given to the
stress-transfer mechanism between fibres, mortar matrix, and the parent
masonry material. Based on the experimental findings, the feasibility and
effectiveness of flax-based TRM systems as a sustainable and compatible
strengthening technique for masonry structures are also evaluated.
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Introduction

The high vulnerability of unreinforced masonry structures to lateral loading (such as wind
loads and earthquakes) resulted in numerous losses of human life and property, manifesting the
need for structural strengthening and/or seismic retrofitting. Tex-tile-Reinforced Mortars (TRM),
which are externally bonded composite systems comprising inorganic matrices (cement-, lime- or
geopolymer-based mortars) reinforced with advanced fibre meshes, offer a series of structural
benefits for strengthening applications, including: high specific strength and stiffness, vapour
permeability, reversibility, recyclability, compatibility with masonry substrates, ability to conduct
post-earthquake damage assessment (Tri-antafillou et al. 2006). Their potential in strengthening
against both in-plane (Papanicolaou et al. 2015) and out-of-plane loading actions (Mordanova et
al. 2016), as well as in the strengthening of vaults, arches, pillars, and lintels, has been highlighted
through several case studies (Bournas 2016).

Despite the superior tensile properties of the reinforcement typically used in TRM systems
(glass, carbon, aramid, PBO, steel cords), their performance is governed by the quality of the bond
between the constituent materials, which often does not allow to fully exploit the fibre capacity. In
parallel, these relatively high-cost fibres require a high energy input for their manufacturing and
processing. The pressing need for sustainable development led to the exploration of alternative,
eco-friendly reinforcing materials. Natural fibres have emerged as a potential solution for
reinforcement in composites, given their excellent environmental credentials and wide availability
around the world (Yan et al. 2016). Among natural fibres, flax has attracted the interest of both
academia and industry due to its good specific tensile strength and stiffness, comparable to glass
(Joshi et al. 2004), and deformability values suitable for strengthening applications.

However, the potential of flax-TRM (FTRM) as externally bonded systems has not yet been
determined, and the mechanical properties and bond performance of such systems have not been
examined in detail. Available research on the topic is still in its infancy (Olivito et al. 2014, Cevallos
& Olivito 2015, Codispoti et al. 2015, Olivito et al. 2016, Olivito et al. 2018, Ferrara et al. 2019),
while the complexity of the stress-transfer mechanism in al-ready established TRM systems, which
involves failure both at textile/mortar and compo-site/substrate interface (e.g. Alecci et al. 2016),
has been well documented and is still under investiga-tion. The complexity of the TRM bond
performance is further increased when additional design parameters are taken into account, such
as the number of the reinforcing layers or the textile layout, as they affect strength, failure mode
and crack pattern (Misseri et al. 2019). As a result, there is a lack of in-depth understanding of the
behaviour of FTRM, which in turn hinders their implementation in strengthening applications and
their market acceptance.

This paper presents the preliminary results of a larger experimental programme on the bond
between flax textile-reinforced lime-based mortars and unreinforced masonry prisms, with the
aim of developing an effective and sustainable strengthening solution for masonry. Tensile and
single-lap shear bond tests were performed on single and double-layer FTRM specimens to gain
insight into the stress-transfer mechanism between fibres, matrix and parent material.

The methodology

Two types of flax textiles of different architectures (F1 and F2) were combined with the same
lime-based mortar to develop sustainable composites suitable for the strengthening of masonry.
The mechanical performance of the composite system was examined through:

-direct tensile tests on FTRM composites (coupons), according to AC434 provisions.
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-single-lap shear bond tests on unreinforced masonry prisms, according to RILEM TC 250-CSM
provisions.

The effect of the number of TRM layers on the overall performance was assessed by examining
specimens comprising one and two reinforcement layers.

Each masonry prism consisted of four stack-bonded solid clay bricks of dimensions 215 x
102.5 x 65 mm and 10-mm thick mortar joints. The cement lime: sand proportions in the mortar
used to bed the joints were 1:2:9, by volume, with a water-to-dry materials ratio of 0.21, by weight.
The mechanical properties of the masonry substrate were experimentally determined by carrying
out four compression tests perpendicular to the mortar joints, according to RILEM standards
(RILEM LUMB1). The mean values of the compressive strength and elastic modulus at 28 days
were found to be 30.5 MPa (CoV:2%) and 1970.5 MPa (CoV:5%), respectively.

Flax-TRM

Two types of flax textiles were investigated as reinforcement, distinguished by their geometry
and physical properties. Both textiles were woven, with yarns being equally arranged in an
orthogonal mesh. The textiles are shown in Figure 1, while their characteristics are summarized in
Table 1.

Figure 1. Textile characteristics, F1 (left) and F2 (right).

The textile mechanical properties were obtained from direct tensile tests according to EN ISO
13934:1999 (gauge length: 200 mm; grip method: epoxy-bonded aluminum tabs; loading rate: 2
mm/min; number of yarns width-wise: 3 for F1, 10 pairs for F2).

Both flax textiles were combined with a commercially available lime-based mortar, the
strength of which was obtained through flexural testing on thirty-nine prisms measuring 160 x 40
x 40 mm and compression testing on the resulting halves, following EN 1015-11. The flexural and
compressive strengths were 2.8 MPa and 7.7 MPa, respectively, with a CoV value of 15%.

All FTRM composites (both for tensile and shear bond tests) were prepared by applying a
bottom 3-mm thick mortar layer, manually embedding the textile into the fresh mortar, and
covering with a top mortar layer of the same thickness. The procedure was repeated for the
specimens with two TRM layers, resulting in a total thickness of 9 mm.

For the direct tensile tests, FTRM coupons measured 600 x 50 mm and were cast in plexiglass
formwork (6 replicates per configuration). Specimens were cured in a mist room for 28 days and
then stored in standard laboratory conditions until testing. Width-wise, F1-TRM and F2-TRM
specimens comprised 3 and 20 yarns, respectively.

For the shear bond tests, FTRM were centrally bonded across the width of the masonry prisms
and 30 mm away from their front face to avoid stress concentration phenomena. A bonded area
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100 mm wide and 260 mm long (3 replicates per configuration) was provided to ensure effective
anchorage of the composite to the substrate (RILEM TC 250-CSM). The unbonded textile (i.e., the
length of the textile projecting from the bonded area) measured 600 mm to mitigate any
misalignment during testing. The specimens were cured under wet hessian cloth for 28 days and
then stored in standard laboratory conditions until testing. Width-wise, F1-TRM and F2-TRM
specimens comprised 7 and 40 yarns, respectively.

Table 1. Textile characteristics.

Property F1 F2
Mesh size (mm)? 14 4
Yarn cross-sectional area (mm?) 2 1.11 0.22b

Tensile Strength (MPa) 196.4 289.0

Elastic Modulus (GPa) 7.1 13.6

Strain at failure (%) 4.2 3.8

a supplied by the manufacturer; ® the value refers to a single yarn

A random speckle pattern was applied manually to the surface of the specimens (both coupons
and masonry prisms) to enable the use of digital image correlation (DIC) and obtain full-field
displacement measurements. DIC results will be presented in future publications.

Experimental Setups

To ensure a uniform stress distribution during testing, the ends of the FTRM coupons and the
unbonded textile in the shear bond specimens were epoxy-bonded to aluminum tabs (150 mm
long).

Direct tensile tests were performed in a universal testing machine of 10 kN capacity, in
displacement control at a loading rate of 0.2 mm/min up to the occurrence of the first crack and
1 mm/min thereafter. Clevis-type grips were used, allowing for in-plane rotation of the specimens
while being loaded (Fig. 2a). The specimens’ ID has the form of FxLy-n, where F and L stand for
Flax and Layer, respectively, x is the type of the flax textile (1 or 2 - see Fig. 1), y is the number of
TRM layers (1 or 2) and n the replicate number.

Shear bond tests were performed in a servohydraulic testing machine fitted with a 50 kN load
cell, in displacement control at a loading rate of 0.5 mm/min. Single-lap shear tests were
performed, with the masonry prisms horizontally restrained within a rigid steel frame (Fig. 2b). A
pre-tension load of 100 N was applied prior to installing the instrumentation. Four linear
displacement transducers (potentiometers) of 10 mm stroke were attached on the shear bond
specimens to measure the displacement relative to a thin aluminum plate glued on the textile
adjacent to the loaded end: two on the substrate, on either side of the bonded area, to measure the
slip between the textile and the substrate; two on either side of the bonded width, to measure the
slip between the textile and the composite and derive the overall slip between the composite and
the substrate (Fig. 2c). The ID of the bond specimens has the form of FxLy-260-100-n, where 260
stands for the bond length (mm) and 100 for the bond width (mm), and the rest of the notation is
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the same as used for the TRM coupons.

Figure 2. Experimental test setups: (a) tensile tests on FTRM coupons; (b) shear bond tests
(side view); (c) shear bond tests (plan view) and arrangement of the potentiometers.

Findings/Discussion

Table 2 presents the average tensile properties of the TRM coupons (and the corresponding
CoV values in parentheses) reinforced with one and two layers of the corresponding flax textiles.
[t can be observed that F2-TRM specimens exhibited superior mechanical properties compared to
those of their F1 counterparts. The addition of an FTRM layer, however, did not increase the
mechanical properties significantly.

Figure 3 shows the tensile stress-strain response curves of typical specimens grouped per flax
textile type. The typical three stages that characterize the tensile behaviour of TRM systems, i.e.,
pre-cracked, crack development and post-cracking stage (Arboleda et al. 2016), did not always
develop in the tested composites. The uncracked stage was not detectable in most of the F1L1-TRM
specimens due to pre-existing microcracks formed during curing and positioning of the specimens
in the testing machine. In addition, half of the F1L1-TRM specimens were characterized by the
formation of one single crack with no crack development stage, while two to three cracks occurred
in the remaining specimens. A telescopic failure was observed in the proximity of the cracks in all
specimens, as a result of the relative slip of the inner yarn filaments. On the contrary, F2L1-TRM
specimens were characterized by the formation of multiple cracks along the composite, which also
provided evidence of the good bond between the textile and the mortar, resulting in a greater
contribution of the matrix to the overall performance. No delamination or slippage of the
reinforcement in the gripping areas were observed in any of the tested specimens. The end of the
crack development stage was not always distinguishable from the post-cracking stage, with failure
immediately following the formation of the last crack and initiating a softening stage triggered by
the progressive tensile rupture of the yarns. This progressive failure mechanism led to the
development of higher elongation capacity of the F2-TRM systems with respect to that of the bare
F2 textiles.
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The failure mode between the two FTRM systems did not change when an additional TRM
layer was provided (telescopic failure in F1-TRM, tensile rupture in F2-TRM). However, double-
layer FTRM exhibited higher ductility, developed a greater number of cracks and distinct stages of
crack initiation and development.

The different textile geometry and reinforcement ratio, i.e. textile/composite cross-sectional
area (Table 2), played a key role in the differentiation between the Flax-TRM systems’ tensile
behaviour: the large yarn cross-sectional area in F1 textiles (Table 1) may have resulted in
increased moisture absorption inducing pre-existing cracks, and in a telescopic mode of failure due
to uneven impregnation of all filaments, while the denser and of smaller yarn diameter F2 textile
benefitted from an increased mechanical interlock with the matrix. On the other hand, the
reinforcement ratio provided in F1L1-TRM composites (1.11%) was insufficient to create an
effective composite system (poor stress redistribution, no appreciable increase in strength over
the strength of the matrix).

Table 2. Tensile test results.

Specimen Tensile Elastic Strain at Reinforcement ratio
strength modulus* peak load (%)
ID (MPa) (GPa) (%) °
82.2 2.02 4.1
FiL1 (15%) (15%) (22%) 11
83.0 2.13 4.4
F1L2 (11%) (13%) (11%) 148
177.8 2.98 7.3
F2L1 (12%) (9%) (14%) 1.44
208.9 3.87 7.9
F2L2 (8%) (9%) (8%) 1.92

*during cracked stage.

Shear Bond Tests

Table 3 summarizes the experimental results from bond tests in terms of i) maximum applied
load, ii) maximum axial stress (load divided by the textile cross-sectional area), and iii) slip at
maximum load (calculated as the average of the two transducers’ measurements placed on the
composite, subtracting the elastic elongation of the unbonded textile). A uniform stress
distribution across the composite width and between the multiple TRM layers was assumed when
determining stress values. Bond and tensile capacities were of the same order of magnitude only
when the same failure mode was observed in both test series, as analysed below. The bond test
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results were affected by a higher scatter than those obtained from the composites’ tensile testing
due to the development of different failure modes and the complex nature of the interaction
between the multiple fibres/matrix interfaces. Hence, no average values are presented for identical
specimens.

Table 3. Shear bond test results.

Specimen Maximum Maximum Slip at
load axial stress maximum load
ID (N) (MPa) (mm)
F1L1-260-100-1 268 34.4 1.30
F1L1-260-100-2 360 46.3 3.86
F1L1-260-100-3* 204 26.3 1.66
F1L2-260-100-1* 583 37.5 8.24
F1L2-260-100-2 1607 103.3 4.65
F1L2-260-100-3 1030 66.2 2.36
F2L1-260-100-1 1728 200.1 6.86
F2L1-260-100-2 1193 138.1 5.98
F2L1-260-100-3 1870 216.4 9.96
F2L2-260-100-1 2753 159.3 5.87
F2L2-260-100-2 3183 184.2 7.59
F2L2-260-100-3* 1573 91.0 3.81

*different failure mode within the tested group.

The axial stress-slip relationship of all tested systems is illustrated in Figure 4, where a variety
of bond performances can be observed.

The response of most F1-TRM systems exhibited an almost linear response up to the
attainment of the peak stress and a post-peak softening stage, during which failure occurred
progressively and was associated with an increase of slip. Specimens failed after the initiation of
relative slip of the inner filaments, similarly to the behaviour obtained from direct tensile tests on
composites, which was often followed by the progressive failure of individual filaments outside the
bonded area, similarly to the behaviour obtained from direct tensile tests on the dry textiles. No
cracking of the mortar along the bonded area occurred and no relative displacement of the top
mortar layer and the substrate was recorded. Specimens F1L1-260-100-3 and F1L2-260-100-1
exhibited a different behaviour caused by a more pronounced telescopic failure mode, which
resulted in reduced axial stress and increased deformation (see Table 3). The effect of non-uniform
engagement of the yarn filaments within the mortar, which acts as mechanical anchorage,
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triggered the slip between the yarns’ filaments and resulted in higher total relative textile-to-
mortar displacement and a pseudo-ductile behaviour.

F2-TRM systems developed one crack in single-reinforced specimens and one or multiple
cracks in double-reinforced specimens, that widened significantly during the test. The cracks
initiated as parallel to the applied load, through the thickness of the composite, and then expanded
transversally to the load axis application, close to the loaded end. The peak stress was determined
by the rupture of some of the F2 yarns not only in the unbonded textile but also along the bonded
area and across the crack. All specimens failed due to the partial detachment of the textile from the
bottom mortar layer in F2L1 series and at the two textile/mortar interfaces in F2L2 series (Fig.
5a), with the bottom mortar layer remaining always well bonded to the brick surface, indicating
that the employed bond length (260 mm) was indeed sufficient. Especially for the latter series,
detachment may have been facilitated by the unavoidable misalignment between the actuator and
the FTRM system. As a result, along with the cracking and redistribution of stresses after the failure
in one textile layer, additional bending might have been induced causing the separation of the
textile from the mortar. Complete detachment of the top mortar layer was observed in specimen
F2L2-260-100-3, which significantly moved with respect to the masonry support, as evidenced by
the large slip values (Fig. 5b) at the composite/substrate interface (determined as the difference
between the displacement measured by the potentiometers mounted on the substrate and those
mounted on the composite).

Figure 6 shows the exploitation ratio of the textile, expressed by the factors n: and nrrm. The
former equals to the ratio of the maximum axial stress developed during the bond test to the tensile
strength of the associated textile (see Table 1); the latter equals to the ratio of the maximum axial
stress to the tensile strength of the associated FTRM coupon (see Table 2). Average values are
shown in this figure and were computed by excluding the specimens within the same group that
exhibited a different failure mode. Overall, n: was significantly lower than nrrm, highlighting a
possible degree of fibre degradation when embedded in mortar. Comparing the two FTRM systems,
it can be observed that F2 textiles were likely less affected by the lime-based mortar, with both 1«
and ntrm values higher than those of F1-TRM.

300 ¢ 300 r
— FILI-S — F2LI1-2

250 1 ol 200 F2L2-3

200 F 200 F
150 F n\
100 F 100 | ll

50 | 50 / l/
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Figure 3. Tensile stress-strain response for typical single- and double-layer coupons: (a) F1-
TRM and (b) F2-TRM.
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Although n¢ values were between 60-65% for F2-TRM systems, failure of the bond specimens
occurred due to fibre tensile rupture, while all F1-TRM systems were characterized by a telescopic
mode of failure, justifying values of n: lower than 40%.

250 250
—F1L1-260-100
F1L2-260-100
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Figure 4. Axial stress-slip curves for single- and double-layer TRM-strengthened masonry
prisms: (a) F1-TRM; (b) F2-TRM.
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Figure 5. (a) Typical failure mode of F2-TRM bond series (side view); (b) slip of TRM to
masonry for specimen F2L2-260-100-3.
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Figure 6. Exploitation ratio of the textile during the shear bond tests.

Strength values similar to those obtained for coupons under direct tension were obtained for
double-layer F1-TRM (ntrm= 102%) and single-layer F2-TRM specimens (ntrm= 104%), indicating
a good bond between the fibres and the mortar. The very low exploitation of F1 composites in the
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case of single-layer TRM systems (nrrm = 37%) confirmed the poor fibre/mortar interaction, which
was also observed in direct tensile tests on corresponding coupons. The aforementioned
observations provide information for the design of the most suitable strengthening solution
according to the required structural application. Provided a good fibre/matrix interaction can be
achieved (e.g., F2-TRM), although the addition of an FTRM layer will not result in an increase in
tensile strength, this will lead to an increase in ductility, which could be desirable in some
structural applications, e.g., in-plane shear strengthening of masonry walls.

Conclusion

This study presents the preliminary results of direct tensile and shear bond tests of
TRM/masonry systems reinforced with one and two layers of two different flax textiles.

Both Flax-TRM systems developed high tensile strength (80 to 200 MPa) and elongation
capacity (4 to 8%).

The failure modes included telescopic failure in flax textiles with thick yarns at a large spacing
(F1) and tensile fibre rupture in textiles with thin and twisted yarns at a smaller spacing (F2).
Partial or full detachment between the textiles and the mortar occurred only in the latter systems
when bonded to the masonry.

Overall, textiles of denser and smaller yarn cross-sectional area are more suitable for
strengthening applications as they result in composites of higher ductility, with good interaction
at the textile/mortar interface, evidenced by multiple cracking.

The increase in the number of FTRM layers results in a more ductile behaviour without
affecting the overall mechanical performance significantly.
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H. Tpoxyrcy, K. [Innakyrac, M. 'yaagaubuHu
Llle¢pgpund Ynusepcumemi, lllep¢pund, ¥avi6pumarus
Flax-TRM >xyHeJiepiHiH, CO3bLIY K9He »KaHIIY-Cpe3 aJAre3vusa/iblK, ChiIHAKTapbl
Anparna. byn Makasna Tabufu TajlublKTapfa HeridgenreH TRM komnosuTTepi MeH Kajay
Herisi (Tac, kipmill) apacblHJarbl a/Jre3vsjIblK ©63apa 9peKeTTecyiH 3epTTeyre apHaJfaH
3KCIIEPUMEHTTIK Oaf/ap/laMaHblH aJi/IblH ajla HoTUXKeJiepiH ycbiHaAbl. TRM »xyieci ak Heri3zzi

epiTiHAire eHrisijireH 6ip HeMece eKi KabaT 3bIFbIP Ta/lIbIKThl TEKCTHUJIbJIEH KypaJsajibl.
«TekcTuab/MaTpulla» KOMIO3UTTEPIHIH XKYMBIC icTey KabiseTi xkoHe osiap/iblH Kajlay Heri3iMeH
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aJire3usiJIbIK, OalIaHbIChl TiKeJiel CO3bLIYy CbIHAKTaphbl MeH Oip>KaKThl KaHIIY-Cpe3 aire3usiJiblK
CbIHAKTapbl apKblIbl 3epTTesi. EKi cepusHbIH HOTHXKesiepi TaJKblJIAHbII, KYLIEUTY KyHeJepiH
»KobaslayFa KaKeTTi Heri3ri mapaMeTpJiep aHbIKTa/bl. Ta/llIbIKTap, MaTpUlA >XOHE Heri3
MaTepuas apacblHJaFbl KepHeyZi Oepy MexaHU3Mi KaH-KaKTbhl KapacTbipbLibll, Flax-TRM
KyHeJiepiH Kasay KypblIbIMJapblH KYLIEUTY LIelliMi peTiHAe KoJ1JaHy MYMKIHZIri 6aFasaH/pbl.

Ty#iH ce3aep: cybikrai uinren 6osat (Cold-Formed Steel); xanwy Typakcbi3bifbl (Shear
Buckling); ka6bipfra olibirbl (Web Opening); coHfbl-asieMeHTTik Mogeabaey (FE Modelling); apHa
TekTec KuMa (Channel Section).

H. TpoxyTcy, K. [Innakyrac, M. 'yaganbuHu
Yuusepcumem lllegppunda, lledgpund, BeaukobpumaHus
HcnbITaHMA HA pacTsbKeHUe M cABUT Ha cucteMax Flain-TRM

AHHOTanMa. /JlaHHaga  cTaTbsl  NpeACTaBJSAEeT  IpeABapUTesIbHble  Pe3yJbTaThl
JKCIIepMMEHTAJbHOU MpOrpaMMbl, MOCBALIEHHOW HCCJIEe0BAaHUIO aAre3MOHHOTO INOBeJEeHHUS
Mexay komnosutamMu TRM Ha ocHOBe NpUPOHBIX BOJIOKOH M KaMeHHOM KJaakou. Cucrema TRM
COCTOs1JIa U3 OJJHOTO M JIBYX CJI0€B JIbHAHBIX TEKCTUJIEW, BHEJ[PEHHBIX B U3BECTKOBBIK pacTBOP.
XapaKTepUCTUKA KOMIIO3UTOB «TEKCTHJIb/MaTpUla» U HX a/ire3MOHHOE B3aUMOJIeMCTBHUE C
OCHOBaHMEM M3 KJaJKH ObLIM HM3y4eHbl C MOMOIbI0 NPAMBIX PAaCTATMBAIOLIMX UCIBbITAHUN U
OJIHOHAINpPAaBJEHHbIX CABUTOBbIX a/ITE3UOHHBIX UCHBITAaHUK. O6GCYKJAI0OTCS pe3yJ/bTaThl 06enx
CepUM HCOBITAHUM, a TaKXKe OINpeesAlTCA KJ/KYeBble NapaMeTpbl JJi MPOEeKTUPOBAaHHUA
ycuJieHUs1 KOHCTpYKLUK. [logpo6HO paccMaTprBaeTCcs MeXaHW3M Nlepefiladyu Halps>KeHUH Mexy
BOJIOKHAMH, MaTpHULled KU OCHOBHbBIM MaTepHhaJioM, a TaKXe OILleHMBAeTCd BO3MOXHOCTb
npuMeHeHusd cucteM Flax-TRM B kauecTBe pelieHUs A5 yCUTIE€HUS KAMEHHOM KJIaJKH.

KiwueBble ciaoBa: xosogHorHyTasg cTtaib (Cold-Formed Steel); caBuroBas mnoTeps
ycrortunBocTu (Shear Buckling); oTBepcTtus B cTreHke mnpoduss (Web Opening); koHeuHO-
ssieMeHTHOE MozenupoBanue (FE Modelling); mBesuiepabie npodpusin (Channel Section)
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Abstract. This article presents part of a model study on the abrasion resistance
of an anti-icing agent impregnation composition, related to the calculation and
modeling of stresses transmitted by a model wheel to a concrete road, taking
into account actual indicators and scaling. The aim of the research was to assess
the normal stresses arising from the impact of motor vehicles, taking into
account the variability of the contact patch resulting from a decrease or increase
in tire pressure. Calculations were performed for different types of vehicles,
from bicycles to trucks, which were conditionally divided into categories A1-A5
(in ascending order of vehicle weight). The calculation results are presented as
ranges of normal stresses on the road surface caused by the operation of motor
vehicles, depending on their type and standard load capacity. The calculations
were performed using the linear graph method of universal tire characteristics,
taking into account normal deflection and variable potential pressure in the tire.
The obtained calculation results will allow for more accurate development of
calculation schemes in numerical or large-scale modeling of road situations.
Keywords: abrasion, contact patch, icing, modeling, road surface, tension,
pressure.
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Introduction.

Road construction plays a key role in the economic development of any country, ensuring
territorial connectivity, mobility of the population, and the stable functioning of logistics systems.
The quality and durability of road infrastructure directly affect transportation efficiency, safety
indicators, and long-term maintenance costs. In modern road construction practice, particular
attention is paid not only to structural strength but also to operational reliability under varying
climatic conditions. The emphasis is on creating safe and comfortable traffic conditions while
ensuring the long service life of pavement structures with minimal repair interventions.
Technologies for constructing cement concrete and asphalt concrete pavements are widely used
in the modern road industry [1]. The selection of pavement type depends on traffic intensity,
climatic factors, economic considerations, and lifecycle performance requirements. Cement
concrete roads possess a number of significant advantages compared to asphalt concrete
pavements, including extended service life, high compressive strength, resistance to rutting, and
improved performance under repeated freeze-thaw cycles [2]. Their structural rigidity allows for
more uniform load distribution, which is especially important under heavy traffic conditions. In
addition, cement concrete pavements demonstrate relatively stable mechanical characteristics at
elevated summer temperatures, where asphalt pavements may experience softening and
deformation. Despite these advantages, cement concrete pavements also have certain limitations.
One of the most critical issues in cold regions is the formation of ice on the road surface at low
temperatures, which significantly reduces skid resistance and poses a serious threat to traffic
safety [3]. The relatively smooth surface texture of concrete and its hydrophilic nature contribute
to water retention and subsequent icing under freeze-thaw conditions. In regions with prolonged
winter periods, this problem becomes particularly acute. Although accident statistics during
winter months do not always show a dramatic increase in the total number of road accidents
compared to other seasons, the nature and causes of accidents differ substantially. In warmer
periods, road accidents are typically associated with driver behavior, vehicle condition, or traffic
density. In winter, however, an additional and often decisive risk factor emerges — icing of the
pavement surface [4]. Even at minimum permissible speeds, vehicles may lose traction due to
reduced adhesion between tires and the icy surface. Sudden skidding and loss of vehicle control
can occur even under seemingly stable driving conditions. Therefore, preventive measures aimed
at reducing ice formation and ice adhesion to the pavement are of considerable practical
importance. Currently, the most widespread approach is the chemical method, which involves
treating road surfaces with solid or liquid reagents that lower the freezing point of water and
prevent ice formation. Combined methods, such as sand-salt mixtures, are also widely used.
However, chemical reagents may accelerate pavement degradation, contribute to reinforcement
corrosion, and negatively affect the environment [5]. The structural method focuses on modifying
the surface layer of the pavement itself by introducing materials or coatings with inherent anti-
icing properties. Although this approach can provide longer-term performance, it typically
increases construction costs and requires careful technological implementation. Given these
limitations, the development of effective and economically justified methods for protecting cement
concrete pavements from icing remains a relevant research problem. A promising direction is the
use of surface impregnations that do not require frequent reapplication and are capable of
significantly reducing, or potentially eliminating, ice formation and adhesion [6]. In addition to
technical performance, economic feasibility and ease of application are important criteria for
practical implementation [7].
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The ice-repellent impregnation composition proposed in this study is designed to reduce the
adhesive resistance between ice and concrete surfaces. The bond strength between ice and
concrete results from the combined action of two primary mechanisms: physicochemical adhesion
at the material interface and mechanical interlocking of ice within the pore structure (micro- and
macro-roughness) of the concrete surface. These mechanisms act synergistically, leading to a
substantial increase in overall adhesive resistance. Therefore, reducing or eliminating one of the
key components, namely interfacial adhesion, can significantly weaken the total bond strength of
the ice crust. The proposed protective layer consists of an aqueous solution containing water-
soluble polymer components. The use of a water-based system enables effective interaction with
the hydrophilic surface of concrete. Due to capillary absorption, the solution penetrates into the
near-surface pore structure, transporting the dissolved polymer components into the concrete
matrix. As a result, the polymers migrate into the surface layer and partially coat the pore walls,
forming a modified interfacial zone. This zone creates a stress-discontinuity layer that prevents ice
and concrete from forming a rigid monolithic bond. Consequently, the ice layer can be detached
under relatively small mechanical impact. However, the effectiveness of the impregnating
composition depends on the depth and uniformity of polymer penetration into the concrete
surface layer. These parameters are directly influenced by the concentration of components in the
solution, viscosity, and absorption characteristics of the concrete. Therefore, determining the
optimal concentration of the polymer components represents a key objective of the present study.
The technological application process involves spraying the impregnating solution onto the
pavement surface, forming a protective layer with ice-repellent properties.

Thus, the research is aimed at substantiating the effectiveness of a polymer-based
impregnation capable of reducing ice adhesion to cement concrete pavements while maintaining
practical applicability and economic feasibility.

The methodology

The methodology of the technological process for producing the anti-icing composition is
shown in Figure 1. The polymer component is expected to be a colloidal dispersed polymer in
combination with a keratin-containing component. Acrylic latex is proposed to be used as the
colloidal polymer, and keratin-containing products will be manufactured from agricultural
industry waste.

Raw materials
| (horns, hooves, scales) | Caustic soda

> 3.0%

/
| Iron sulfate
i
A \\ "/' =

. Boric acid &
8 Water

Urea and
carbamide

Figure 1. Technological diagram of additive production
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The keratin-containing raw materials required for the production of ice-repellent coatings are
of animal origin and include animal wool, hair, horns, hooves, and others. Before production
begins, the keratin-containing components are prepared, precisely crushed and ground. Next, the
raw materials are loaded into a boiling kettle with a weak concentration of boric acid in water (the
ratio of water to raw materials is 1:3 by weight). At the same time, a mixture of urea in water is
added (the water ratio is 2:3 by weight to the raw material). After the hydrolysis process at a
temperature of 1300 °C for up to 10 hours, a pH acidity neutralizer, represented by iron sulfate, is
added to the cooled mass.

To simulate the stresses transmitted by motor vehicles to cement concrete road surfaces,
calculations were made for the wheel contact patch at its minimum and maximum standard loads.
The stress calculations were necessary for subsequent large-scale tests based on the actual stress
transmitted from the vehicle wheel to the concrete road surface. Motor vehicles were conditionally
divided into five categories according to their load capacity, the characteristics of which are
presented in Table 1, [10-14].

Table 1. Categories of motor vehicles

Maximum permissible load, kN

Category GOST Type of vehicle single double

Min Max Min Max

Al GOST 4750 | bicycles 4.2 14.2 - -

A2 GOST 5652 | motorcycles, motor | 2.6 5.7 - -
tricycles, motor scooters,
and mopeds

A3 GOST passenger cars and trailers | 0.98 3.29 - -
52900

A4 GOST 4754 | light trucks and buses with | 0.29 0.85 - -
particularly low capacity

A5 GOST 5513 | trucks and buses 13.34 50.52 12.26 | 35.80

The contour area of the contact spot is calculated using the formula for the area of an ellipse,
[13]:

T
Fki = Zakibki (1)

where ay, and by, — are the length and width of the contact patch of the tire tread with a flat,
rigid surface, m.
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Calculation of model stresses from a motor vehicle wheel on the contact patch,
depending on tire pressure

The dimensions of the tire tread contact patch using universal tire characteristics parameters
are proposed to be calculated using the following formulas:

20,5

D |n-9|
11,9 + ) -3

' VD .fH_Ii _fHZ_II (2)

g, =

(3)

where D — is the outer diameter of the tire;

B — tire profile width, m;

H = (D -d)/2 — tire profile height, m;

d — nominal rim diameter, m;

The dimensions of tires D, B, and the layer ratio n are given in table A.1 of GOST 7463 2003
[14], and the value [f,] can be approximately determined using the known formula:

[fm] = D/Z — Ter (4)
where 1., — static radius.

Findings/Discussion.

Figure 2 shows calculations of stresses transmitted from motor vehicles to the road depending
on the wheel contact patch (more precisely, the range of stresses from minimum to maximum).
Figures 2A-2E show the results of calculations by category, and Figure 2F shows a comparison of
the stress ranges for all categories, depending on tire pressure. The variation in tire pressure was
taken from a condition of +15% of the standard, the permissible deviations of which vary in the
range of +2.5%. When the pressure decreases, the static radius decreases and the static deflection
increases, therefore the contact patch increases. Conversely, when the pressure increases, the
contact patch will increase, and consequently, the stress transmitted by the wheel will also
increase. The values of the maximum permissible loads, static radii, tire widths, outer diameters,
and rim diameters were taken from GOST [9-13]. Thus, the wheel contact patch was determined
from the conditions of standard (ps; = 100%), minimum (p;,;, = 85%) and maximum (pqx =
115%) tire pressure. It is logical that when tire pressure is low, the contact patch increases,
thereby reducing road stress. For bicycles, the minimum road pressure at the minimum
permissible tire pressure is 0.50 kg/cm? (48.7 kN/m?2), and the maximum pressure at the
maximum permissible tire pressure is 2.34 kg/cm? (229.8 kN/m?). The same values, under similar
conditions, for motorcycles are: minimum stress - 1.13 kg/cm? (111.2 kN/m?); maximum stress -
3.53 kg/cm? (346.2 kN/m?2). For passenger cars, the minimum stress is 1.72 kg/cm? (168.8
kN/m?2) and the maximum stress is 3.22 kg/cm? (316.2 kN/m?2). For light commercial vehicles, the
minimum stress is 2.62 kg/cm? (257.2 kN/m?)
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Figure 2. Wheel-to-road voltage ranges by category
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Calculation of model stresses from a motor vehicle wheel on the contact patch,
depending on tire pressure

For trucks, the minimum stress is 3.56 kg/cm? (349.4 kN/m?) and the maximum is 12.41
kg/cm? (1216.7 kN/m?). Thus, it is logical that trucks, due to their high weight relative to the size
of their tires, transmit the greatest stress to the road. Moreover, given the degree of freedom of
large trucks relative to the width of the lane, the degree of abrasion of the tread increases
significantly. In other words, the width of the wheel's contact patch is smaller for large trucks than
for small ones. Therefore, despite the relatively higher stress from a motorcycle (3.53 kg/cm? or
346.2 kN/m?) compared to a passenger car (3.22 kg/cm? or 316.2 kN/m?), the abrasion resistance
of the impregnating compound for the latter will be higher.

Based on the data in Figure 2, a summary table of maximum permissible load limits by vehicle
category was compiled (Table 2).

Table 2. Normal stress values from a motor vehicle wheel

Category Spot area (S;), cm? Stress on the road (o¢)
Pmin Pst Pmax
Pmin Pst | Pmax | KN/m? | kg/cm? | kN/m? | kg/cm? | kN/m? | kg/c
m2
min | 46.5 53.6 60.5 | 48.7 0.50 54.9 0.56 63.4 0.65
! max | 25.6 29.4 329 |178.7 |1.82 200.2 | 2.04 229.8 | 2.34
min | 85.2 99.1 112.7 | 1114 | 1.13 126.7 | 1.29 1474 | 1.50
? max | 92.1 107.1 | 1218 | 261.8 | 2.67 297.6 |3.04 346.2 | 3.53
min | 116.6 |135.5 | 154.0 | 1688 |1.72 191.7 | 1.96 222.8 | 2.27
’ max | 173.7 |202.3 |230.3 | 2385 |2.43 2715 | 2.77 316.2 | 3.22
min | 146.6 |171.0 | 1949 | 259.0 | 2.62 2953 |3.01 3445 | 3.51
i max | 185.7 |216.7 |247.2 | 4106 |4.19 468.4 |4.78 546.6 |5.57
min | 3483 |4064 |463.4 |3494 |3.56 3984 |4.06 464.8 | 4.74
> max | 3629 |4239 |484.1 9121 |9.30 1041.5 | 10.62 | 1216.7 | 12.41
Conclusion.

1) Calculations were made of the normal stress ranges from a motor vehicle wheel on the road
surface, based on the standard characteristics of tires, permissible load values, and potential tire
pressure.

2) For convenience, all motor vehicles were classified into categories based on their type,
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purpose, and general characteristics reflecting their common properties: A1 - bicycles; A2 -
motorcycles (mopeds); A3 - passenger cars; A4 - light trucks and buses with very low capacity; A5
- trucks and buses. For each category, stress ranges were calculated depending on the type of
vehicle, the standard load capacity, and tire pressure.

3) For each category of motor vehicles, calculations of normal stresses on the road surface
were performed: for category Al the stress range is 48.7 kN/m? - 229.8 kN/m? (2.34 kg/cm?); for
A2 111.4 kN/m? - 346.2 kN/m?; for A3 168.8 kN/m? - 316.2 kN/m?; for A4 259.0 kN/m? - 546.6
kN/m?; for A5 349.4 kN/m? -1216.7 kN/m?2.

4) The results obtained will be useful for designing roadbeds and subgrade foundations, in
particular for modeling vehicle loads in design schemes.
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IIIMHaHBIH, KbICBIMbIHA 6AaMAJIAHBICTDI XKaHACy HYKTeCI G0MbIHIIA aBTOKOJIiK
AOHreJieriHeH MoJeJIbJiK KepHey/epAl ecenrey

Anparna. bysn Makanaza HakKThl KepcCeTKiLITep MeH MaclTabTayAbl ecKepe OTBIPBIII,
MoOJleJIb/IiK IOHFaJaKeH 6eTOH »K0JIbIHAa OepisieTiH KepHeyJiep/i ecenTeyre >kxoHe MOJeJbJeyre
6alIaHBICTBl MY3/JaH Ta3apTKBIWTHIH CiHAIPY KYpPaMbIHbIH TO3YyblHAa apHa/lfaH MOJeJbJAiK
3epTTeyAiH 6ip 6eJiri KeaTipisreH. 3epTTeyAiH MaKcaThl LIMHAJAP KbICbIMbIHBIH, TOMEH/EeyiHe
HeMece KOFapblayblHa 6alJ/IaHbICThI )KaHACY HYKTECiHiH 63repTrilliTiriH eCKepe OThIPbII, KOJliKKe
ylIbIpaFaH Ke3Je mnaija 060J1aTblH KaJbIIThl KepHeyJsepAi Oaranay 6osazabl. Ecenrteynep
BeJIOCUIIe/ITEP/IEH 6acTam YK KeJIiKTepiHe AeHiHri apTypJii KeJiik TypJiepiHe apHaJiFaH, oJiap
mapTThl Typae Al-AS5 caHaTTapbiHa GeJsiiHel (KeJliK KypasbIHbIH, MacCacblHbIH, 6CYy pPeTiMeH).
EcenTey HoTHXeJiepi aBTOKOJIIK KypaslZJapbIHbIH TYPiHE >KoHe HOPMAaTHUBTIK )KYK KOTeprillTiriHe
6alIaHbICThl NalJasaHy/laH TybIHJaFaH >X0JI TeCEMiHe KaJsbIThbl KepHeyJiep Auana3oHbIMeH
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yCbIHbUIFAH. EcenTeysiep KasbINThl AaybITKYAbl >XoHe ILIMHAHBIH e3repMesi NOTeHLUaNJbIK
KbICBIMBIH €CKepe OTbIPbII, IIMHAHbIH 9M0eball CUullaTTaMacbIHbIH, ChI3BIKTBIK, 'paduri ajiciMeH
opbiHZanazabl. EcenTey/iiy aJiblHFaH HOTH KeJlepi K0J1 )KaFjal1apblH CaH/bIK HEMece MacIITa0 ThI
Mo/JiesibJley Ke3iH/ie ecenTey cxeMaslapblH AYpbIC )KacayFa MYMKIHJIK 6epeJi.

Ty#iH ce3aep: abpasus, kaHacy HYKTeCi, My3/laHy, MOJleJIb/ieY, KO0J1 )KaMbLIFbICh], KEPHEY,
KbICBIM.

JI.T.Ka6apipoBa'l, P.E. J/lyknaHog!, ®.b. A6aymkypoBZ, M. Kapaaxkacy3

1 Egpasutickull HaQyuoHabHblll yHugepcumem umeHu JI.H. ['ymunesa, Acmana, Kazaxcmau
2TOO Technobius, Acmana, Kazaxcman
3 Ackuwexupckull mexHuveckull yHusepcumem, Ickuwexup, Typyus

PacueTt MOJA€E€J/IbHBIX Haﬂpﬂ)l(eHI/Iﬁ OT KOJI€eCa aBTOTPAHCIIOPTA IO NNATHY KOHTAKTA B
3dBHCHMOCTH OT JAaBJICHHUA B IIIMHE

AHHoOTauMA. B Hacrosimed craTbe mpejcTaB/ieHa YaCTh MOJIEJIbHOTO MCC/IeJ0OBaHUS Ha
HUCTUPAEMOCTb MPOMUTOYHOTO COCTAaBa AaHTHUOOJIE[EHUTEJs, CBSI3aHHAs C pacieToM |
MO/IeJIMPOBaHHWEM HaNPSKEHUH, epeZilaBaeMbIX MOJIeJIbHBIM KOJIECOM Ha 6ETOHHYIO Z0POTY, C
ydyeToM paKTHYECKHUX MOoKa3aTesJed U MacuiTabupoBaHus. Llesbio uccieqoBaHus 6blja OlleHKa
HOPMaJ/IbHBIX HaNps’KeHWH, BO3HUKAWIUX NPU BO3JAEHCTBUM aBTOTPAHCIOPTA, C y4YETOM
M3MEHYHUBOCTH MSATHA KOHTAKTA, 00YCJI0BJEHHONW MOHUXEHUEM WJIU MOBbILIEHUEM JlaBJIeHUS B
IIMHAX. PacueThbl BbINOJHEHBI /1J1s1 PAa3JIMYHBIX TUIIOB TPAHCIOPTHBIX CPEJCTB, OT BEJOCUIE/ 0B
Jl0 TPY30BbIX aBTOMOGUJIEN, KOTOpPble YCJIOBHO pasjesieHbl Ha KaTeropuu Al-A5 (B mopsijke
BO3pacTaHUsl MacCbl TPAHCIOPTHOrO CpeAcTBa). Pe3ysbTaThl pacyeTa MpeJCTaBJEHbI
Jiiana3oHaMU HOPMasIbHBIX Hanpsi>KeHUH Ha JJOPOXKHOE MOJIOTHO, BbI3BAHHBIX JKCIJIyaTalMeil
aBTOTPAHCIOPTHBIX CPEACTB, B 3aBUCUMOCTHU OT UX TUIIA U HOPMAaTUBHOM I'Py30M0/bEMHOCTH.
PacyeTsbl BbINOJIHEHBI METO/I0M JIMHEMHOTO rpaduKa YyHUBEpPCaJIbHON XapaKTePUCTUKH LIUHBI, C
y4eTOM HOPMa/IbHOrO Nporuba W BapUAaTUBHOTO MOTEHIMAJbHOTO [laBJeHUs B IIHHE.
[TosnydeHHble pe3yJibTaThbl pacyeTa MO3BOJIAT 60Jiee KOPPEKTHO pa3pabaThiBaTh pacyeTHbIe
CXeMbl IPU YHUCJIEHHOM HJIM MacClITabHOM MO/IeJTMPOBAaHUHU JOPOXKHBIX CUTYaLUH.

KioueBble c/I0Ba: HCTUpPaHUE, IITHO KOHTAKTA, 00J1e/leHEHUE, MO/leJIMPOBaHUE, J0POXKHOE
HOKPBITHUE, HATIPSKEHUE, laBJIEHUE.
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Abstract. This paper presents approaches for enhancing the accuracy and
methodological transparency of laboratory determinations of soil grain-size
distribution using digital simulation. The study aims to develop and implement
an interactive model of the sieve analysis process that visualizes the sequence
of laboratory operations and highlights the importance of a standardized
procedure. The scientific significance lies in formalizing the traditional testing
methodology and creating an algorithm that enables precise reproduction in a
digital environment. The practical relevance of the research stems from the
simulation’s ability to compensate for the limitations of real laboratory
conditions, where alternative sieving scenarios cannot always be reproduced,
thereby reducing the accuracy and repeatability of results. This issue is critical
notonly in education but also in engineering practice, where insufficient sieving
completeness may distort grain-size characteristics and, consequently, lead to
errors in construction design and bearing-capacity assessment. Incorporating
these aspects into the digital simulation improves methodological awareness. It
expands its applicability to both academic and engineering contexts, providing
an additional tool for quality control and strengthening the reliability of
geotechnical decision-making.
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Introduction

Soil grain size distribution is one of the key indicators determining the engineering-geological
and construction properties of soil [1-2]. The distribution of particles by size determines the
filtration characteristics, density, compactability, water permeability, and behavior of soil under
load [3]. Therefore, sieve analysis, traditionally used in laboratory practice, occupies a central
place in the training program for future construction specialists. Despite its simplicity, the sieving
technique has several aspects that directly affect the accuracy of the results obtained and the
correctness of the subsequent engineering interpretation [4].

Today, many studies examine the effectiveness of various scenarios, methods, and tools for
soil granulometry [5-7]. This study analyzes the possibilities of mathematical modeling to describe
the particle size distribution (PSD) of soils, which is an important source of information about the
gradation and distribution of particle sizes. The authors [8] compare the predictive capabilities of
three groups of mathematical models, selecting the nine most robust and proven options from
previous studies. The evaluation uses 144 experimental data sets across 12 soil texture classes
from the UNSODA database. Attention was paid to the models' ability to predict values at points
not included in the sample, which is key to correctly restoring the shape of the PSD curve. To do
this, a comprehensive ranking method and relative error assessment were used to compare the
effectiveness of models on different texture classes. The results showed that the number of the
model's parameters is not directly related to the accuracy of predictions. The Skaggs and Weipeng
models demonstrated the best results in interpolation and extrapolation. Thus, the study
emphasizes the importance of choosing the correct function when analyzing different types of
soils.

In the following work, [9] proposes an improved mechanical method of washing and sieving
to obtain an accurate particle size distribution of soil. The developed technology is an extension of
the previously created manual method of «extended wet sieving» and is based on the
modernization of a traditional vibrating sieving machine. The improved design includes steel
sieves with a mesh size of 0.063 mm and ten fabric sieves with apertures ranging from 0.048 to
0.0008 mm, which allows for effective separation of silt and clay particles. The machine generates
three-dimensional movement and vibration, ensuring the rapid passage of particles smaller than
the sieve apertures.

The authors propose utilizing machine learning to enhance the accuracy and reproducibility
of estimates. To determine the applicability of existing approaches, the researchers [10] conducted
a comparative study that assessed the effectiveness of eleven mathematical models and three
machine learning algorithms previously used to analyze soils in the northwestern Himalayan
region. Such a comparative analysis was necessary because a correct model must adequately
describe the entire PSD curve for different soil types. The quality of the selection was assessed
using standard criteria: the adjusted coefficient of determination, the Akaike information criterion,
and the root mean square error. The most accurate results among the mathematical models were
shown by the Fredlund, Weibull, and Rosin-Ramler models, while the Gompertz, S-curve, and Van
Genuchten models demonstrated an insufficient level of correspondence with the experimental
data. Thus, the authors note that modern ML approaches have significant potential for PSD
modeling, surpassing traditional mathematical functions in accuracy, especially when analyzing
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complex soil samples.

In continuing the study, it should be noted that one of the equally important factors to consider
is the completeness of sieving, the degree to which particles of different sizes are distributed across
the sieves during the test [11-12]. In educational settings, students usually encounter only one
scenario: a single sample is sieved, and a single particle-size distribution curve is obtained.
However, a single observation does not allow the full sensitivity of the method to changes in testing
conditions or possible deviations from the standard procedure to be identified. Acquiring skills in
how significantly even a small violation of the completeness of sieving can affect the final shape of
the curve, the classification of the soil, and, consequently, the choice of its application in
construction.

Traditional laboratory work does not allow such changes to be fully demonstrated, since
conducting several full-fledged tests within a single class requires significant time and labor
resources. Repeated sieving, particularly under deliberately altered conditions leading to
incomplete sieving, is not typically included in the teaching format and is rarely performed. As a
result, only a single reference outcome is observed, without comparison to alternative results
arising from procedural deviations that are common in real practice. This limits the depth of
understanding of the method and reduces future engineers' ability to evaluate the reliability of the
data obtained critically. In addition to the educational environment, the issue of complete sieving
is also significant in industrial practice, especially when implementing large-scale construction and
infrastructure projects. In conditions of large volumes of engineering-geological work, laboratory
tests are often carried out in an accelerated mode, which simplifies individual stages of the
methodology. These seemingly insignificant deviations can accumulate and affect the final
assessment of soil properties.

The methodology

The study included four key stages presented in Figure 1. The sequential implementation of
these stages ensured the collection of reliable experimental data and its further use in the
development of a digital model. Accordingly, the first stage of the study included laboratory
determination of the soil particle-size distribution in accordance with the standard [13].

Laboratory
determination of Developimentan Development of

Debugging and

validation of
simulation

soil particle size algorithm digital simulation
distribution

Figure 1. Research workflow

The laboratory setup included a complete set of soil-testing sieves with mesh openings ranging
from 10 mm to 0.1 mm, arranged in descending order of aperture size. For weighing operations,
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both analytical and technical laboratory balances were employed, the latter ensuring a relative
weighing accuracy better than 0.1% (Figure 2).

o

Figure 2. Process of testing

Standard supporting equipment, such as a porcelain mortar and pestle with a rubber tip for
gentle disaggregation of soil aggregates, a porcelain cup, a brush for cleaning the sieve surfaces,
and auxiliary tools for sample handling, was also used [13-14]. All drying procedures were
performed using a laboratory drying oven and a sand bath to ensure a constant mass of the soil
sample before analysis. An average soil sample was prepared using the quartation method and
subsequently dried to constant mass. The sieves were mounted in a vertical column and positioned
on a receiving pan. The prepared sample was carefully placed onto the upper sieve and covered
with a lid. Sieving was first performed manually through light lateral tapping of the sieve column
until the passage of soil particles stabilized.

The fractions retained on each sieve were then collected sequentially, beginning from the
uppermost sieve. To ensure complete disaggregation of soil aggregates, the retained material was
gently ground in a porcelain mortar using a pestle with a rubber tip and reintroduced into the sieve
column for repeated sieving. This step ensured that each grain-size fraction contained only
individual particles rather than composite aggregates. The completeness of sieving was checked
by shaking each sieve over a clean sheet of paper and visually confirming that no additional
particles passed through. The mass of each retained fraction was determined using laboratory
balances.

In the second stage of the study, the actual laboratory sieve analysis method was presented as
an algorithm suitable for subsequent transfer to a digital environment. Based on the experimental
protocol, the main operations, the sequence of actions performed, and the key control points
directly affecting the particle size analysis result were identified. First, the sample preparation
procedure was structured: actions for taring the tray, collecting soil, controlling the sample weight,
and recording the initial parameters were defined. Next, the assembly of the sieve column was
formalized, including the order of sieve arrangement by hole size, checking the weight of each
empty sieve, and its identification in the system. The sieving process was presented as a sequence
of actions: installing the column on a vibrating platform, starting and stopping the device, and
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checking the completeness of the sieving. Attention was paid to steps that could lead to
methodological deviations in real testing: the appearance of particles when shaking over a sheet
of paper (incomplete sieving) or their absence (complete sieving). These situations were included
in the algorithm as several scenarios. The final block of the formalized procedure included
weighing the residue on each sieve, automatically constructing a table of fractional composition,
and calculating the distribution of mass and pass percentages. Both variants of the incomplete and
complete sieving scenarios were integrated into the structure, which made it possible to
subsequently programmatically simulate the two modes of operation.

The digital simulation was developed using object-oriented programming technologies with
ActionScript, which enabled the implementation of interactive elements, particle animation, and
visual support for the stages of sieve analysis. The development environment used allowed for the
creation of step-by-step user scenarios, including the selection of sieves, simulation of the sieving
process, and automatic construction of a particle size distribution curve. The simulation was
implemented as a low-resource application running in a standard IBM PC-compatible software
environment. For it to work correctly, a basic computer configuration with an Intel Pentium 2 GHz
processor and 256 MB of RAM is sufficient, which confirms the accessibility of the solution for
educational audiences and allows it to be used on a wide range of devices.

Simulation debugging included verifying the correctness of the sieving algorithm, comparing
calculated values with laboratory test results, and evaluating operational stability across various
scenarios (complete and incomplete sieving). The logical sequence of stages and the correctness
of the recalculation of the mass fractions were checked.

Findings/Discussion

Based on the sieve analysis performed, a distribution of fractions was obtained that
characterizes the soil's structural features. The masses of soil fractions are presented in Figure 3.
Depending on the percentage of these fractions, the soil classification was subsequently
determined. Each fraction affects the soil's ability to retain water and interact with external loads,
which is important to consider when designing construction projects.

Particle Percent .
size, passing, % .
mm ..

10 90.04
5 80 i
2 68.06 £,
1 54 »
0.5 21.08 »
0.25 16.1 0
0.1 7.06 o
0.05 0 Paricesire

Figure 3. Particle size distribution: experimental data
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The developed algorithm for the laboratory sieve analysis method, to be subsequently
transferred to a digital environment, is shown in Figure 4.

1. System initialization

— + Loading the interface

* Selecting the “Grain-size distnibution” module
« Setting initial parameters

2. Preparation of the soil sample
* Measurningthe sample mass

3. Preparation of the sieve stack

- * Selecting the set of sieves

« Visualizing the sieve columnin descending aperture size
« Placing the preparedsoil sample ontothe top sieve

4. Primary sieving
« Starting the virtual shaker
« Simulation of vibration and sieving duration
* Preliminary distnbutionof soil acrossthe sieves

Algorithm

5.Checking completeness of sieving

—-_— « Shaking each sieveovera sheetofpaper

« If particles appear— retuming them to the next sieve
* Repeating sieving until no particles fall onto the paper

6. Calculation of grain-size distribution

1 *Calculating mass fractions andpercentpassing
* Generating the grain-size distribution table

7.Results and learning scenarios
« Displaying the table andthe grain-size distnbutioncurve

Figure 4. Algorithm for soil sieve testing

The algorithm reflects the sequence of operations performed when determining the
granulometric composition of soil and serves as a basic model for subsequent digital
implementation.

ONIPAABNEHME rPaHYNOMETRMUEERDRD COCTRRA RYKTa (Bapiant Nt}

Figure 5. Test version of digital simulation: a) verification of sieving completeness;
b) during the testing procedure [15]
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Each stage of the algorithm is highlighted as a separate technological procedure, which
ensures the accuracy and reproducibility of the description of the actual laboratory process. Such
detail eliminates the variability that arises when tests are performed by different operators and
establishes uniform requirements for the sequence of actions. Visualization helps to identify the
stages that are critical for visualization in the simulation, including checking the completeness of
sieving and processing residual particles. Based on this, the functional modules of the digital model
and the logic of transitions between them were established. As a result, the algorithm ensured the
correct transformation of the traditional methodology into an interactive digital format designed
for educational and practical purposes. The developed digital simulation, based on experimental
data and allowing the reproduction of various sieving scenarios, is shown in Figure 5.

Simulation allows soil testing and study of the methods of complete sieving and incomplete
sieving, in which some fractions are retained on the surface of the sieves, and some end up on a
sheet of paper after testing. This opportunity is significant for students, allowing them to obtain
and compare two such results simultaneously. The debugging results showed that the simulation
correctly reproduces the sieve analysis algorithm. The shape of the particle size distribution curve
also fully corresponded to the laboratory curve. The interface modules worked stably during
repeated actions, and transitions between simulation stages were performed without
interruptions. Thus, the experimental digital simulation demonstrated stability, reliability of
results, and readiness for use in educational and demonstration practices..

Table 1. Methodological Value of the Simulation

Ne Scenario Potential consequences Methodological value of the simulation
1 Particles are not Underestimation of fine fractions, . .
. ) . The simulation demonstrates that
transferred to the next distorted particle size , . .
. . e , . incomplete particle transfer results in
sieve after shaking above | distribution, and incorrect soil . . e
D inaccurate fraction distribution.
the paper classification
2 Particles are transferred ) N
. . . . The simulation illustrates the effect of
to the next sieve, but Fine particles remain trapped; . . i .
L . . } incomplete sieving on the final particle
repeated sieving is overestimation of coarse fractions | . e
. size distribution.
omitted
3 The sieving completeness | High risk of systematic error; The simulation visualizes the critical
check in the paper is misrepresentation of grain-size role of sieving completeness
omitted composition verification.
4 Completeness verification . . .
. P N The simulation emphasizes the
is performed for only one | Irregular errors in individual . o Lo
. . . . . necessity of verifying every sieve in the
sieve, while others are fractions; inconsistent results set
ignored '
5 Shaking above the paper | Residual particles remain; slight The simulation reveals measurable
is performed for an systematic overestimation of differences between full and
insufficient duration coarse fractions incomplete sieving.
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One of the key results of the development is the ability to demonstrate the complete procedure
for checking the completeness of sieving. In traditional laboratory conditions, students often work
with soils that either pass completely through the sieve on the first cycle or contain a minimal
amount of residue. In such cases, students do not have the opportunity to observe an alternative
scenario — the appearance of particles on a sheet of paper when checking the completeness of
sieving and the need to return them to the next sieve for subsequent re-sieving. As a result, an
important methodological element of the procedure goes unnoticed, although it is precisely this
element that ensures accuracy and prevents material loss. The developed simulation compensates
for this limitation of real laboratory practice by allowing both scenarios, complete and incomplete
sieving, to be reproduced, regardless of the properties of a particular soil sample. This expands the
educational potential of the methodology and ensures the mastery of the critically important stage
of checking the completeness of sieving.

The developed simulation accurately reproduces the standardized stages of the sieve analysis
procedure, visualizing each step in accordance with the requirements of the standard
methodology. This enables the user to clearly observe how the completeness check is performed,
how particles are redistributed, and why repeated verification is essential to the process. Such
detailed visualization serves as a preventive function, helping to avoid typical mistakes that are
frequently made during the first independent execution of the test. The scenarios presented in
Table 1 illustrate the potential consequences of deviations from the standardized procedure, while
the simulation acts as a tool for giving a consistent understanding of the correct sequence of
operations and their impact on the final grain-size distribution

From a methodological point of view, the simulation highlights two important aspects:

-The accuracy of sieve analysis depends not only on the equipment, but also on the operators’
compliance with the regulated procedure.

-The lack of sieving completeness control is a source of systematic errors that are difficult to detect
and diagnose by indirect signs.

Thus, simulation serves as a tool for teaching the accuracy of laboratory testing, minimizing
material losses, and improving the quality of particle size distribution determination. This makes
it a significant element in the training of future builders, developing both technical skills and
engineering thinking based on an understanding of the cause-and-effect relationships between test
quality and the reliability of engineering solutions. Moreover, simulation expands not only the
educational but also the practical professional scope of application, helping to reduce risks when
making engineering decisions at the stages of research, design, and quality control of work.

Conclusion

A digital simulation of soil sieve analysis was developed based on experimental data and the
algorithmization of the laboratory procedure. The model reproduces the key stages of the
methodology, including verification of the completeness of sieving, which often remains out of
sight of students in normal laboratory conditions. The simulation demonstrates the impact of
correct operation on the final distribution of fractions and promotes a better understanding of the
standardized process. The resulting tool expands the possibilities of training and can serve as a
basis for further improvement of digital techniques in engineering practice. Research conclusions:
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-Algorithmic modeling of the methodology allowed the identification of key stages of sieve

analysis and the assessment of their influence on result reliability.

-The use of ActionScript provided flexibility in visualization and the ability to create a step-by-

step interactive model without reducing computational accuracy.

-Debugging of the simulation showed its resistance to variable scenarios and demonstrated

the value of the digital tool for ensuring the correct execution of the laboratory process.
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A.C. Tyne6ekoBal”, H.®./lenucosa2, b.Kacrparul

/1. H. 'ymusaes amoviHOarsl Eypasus yammuik yHugepcumemi, Acmaua, Kazakcman
2 /. Cepikbaee amviHdarbl Llbirbic KazakcmaH mexHUKa/bIK yHUgepcumemi, OckemeH,
Kazakcmah

Ll pabIK TONBIPAK ej1ey CUMYJISIUSACHI: 3ePTXaHAJIBIK, YAepicTi BU3ya/imsanusiay
»K9He MPaKTUKAJIbIK, MAHbI3AbLIbIFbI

Angarna. Makasnaza TONbIpaKThbIH IPaHy/JIOMETPUSJIBIK KYPaMblH 3epTXaHaJIbIK KaFJan/ja
aHBIKTAy/blH, [A3JIAIri MeH aJjicTeMeJiiKk alKbIHAbIFbIH apTTbhIpyFa OaFbITTa/IFaH LUQPJIBIK,
CUMYJIALUAHBI KOJIJJaHY TOCUIepi KapacThIpblIaAbl. 3epTTeY/iH MaKCaThl — eJiey TajlJaybIHAaFbl
3epTXaHaJIbIK ONepalusJapAblH, A9UEKTINIriH BU3yaJu3alUsaJaUTbIH KoHE CTaHAApTTa/IFaH
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npoLeAypaHblH MaHbI3bIH KepCeTeTiH UHTEPAKTUBTI MOZie/1b/ii 93ipJiey )KoHe eHri3y. JKyMbICThIH,
FbIJIBIMU MaHbI3/IbIJIbIFbI ADCTYPJIi CbIHAK 9/licTEMECIH popMain3anusiayFa :KoHe OHbI [UPPJIBIK
opTajia 9/ KaillTa >XaHFbIPTyFa MYMKiHAIK OepeTiH aJropuTMmJi >Kacayfa Heri3/ie/ireH.
[IpakTuKaNbIK MaHbI3JbLIbIFbl — HAKThl 3epTXaHaJIbIK, XKaFJaija 6asamMa ejiey ClieHapUuiJepiH
9pAaubIM OpbIHJAAY MYMKIH eMecCTiriHe 0aW/IaHbICTbl CUMYJISALUAHBIH OyJ1 LIeKTeyJiepAi eTey
KabisieTiHe, 6y/1 HOTHXKeJEeP/IiH J19/1/1iri MEH KaWUTa/IaHFbILITHIFbIH TOMeH/leTe/i. Bys Macesie Tek
6is1iM Gepy casnacblHZla FaHa eMeC, UHXXEHEPJIIK TaxipubeJie /e ©3eKTi, cebebi esieyiH TOJIbIK,
OpbIHZAJIMaybl TPaHYJIOMETPUAJIBIK, CUIIaTTaMaslapAblH OypMaJsiaHyblHa, COHZA-aK Herizzaepai
»KobaJsiayAaFbl >KoHe KOTEPrilllTiK KabisieTiH 6aFasiayarbl KaTeJiKTepre aKeayi MyMKiH. OcblHau
acnekTiziepAiH [UPPAbIK MO/Jle/IbTe €HTi3i/yi aicTeMeNIK TYCiHIKTIJIIKTI apTThIPbIIN, OHbIH, OKY
»K9HEe MHXKEeHEePJIiK opTaAaFrbl KOJJAaHbLIY asiCblH KEHEeUTe/ji )KoHe canaHbl 6aKblaay/IblH KOCbIMIIA
KypaJibl peTiHzge reoTeXHUKaJbIK, mewiMaepaiy, CEeHIMAIIITriH KYLIEUTe].

Ty#iH ce3aep: rpaHy/IOMeTPUSJIBIK, KypaM, eJjiey TajJiaybl, TONbIPAK, CBIHAKTAPbl, LUQPJIBIK,
CUMYJIALUS, 3epTXaHaJIbIK d/jicTeMe.

A.C.Tyne6ekoBal’, H.®./lenucoBa2, b.KacrpaTrul

1Eepa3sutickull HayuoHa/abHblll yHusepcumem umenu JI.H. ['ymunesea, Acmana, KazaxcmaH
2BocmouHo-KaszaxcmaHckull mexHuveckull yHugepcumem umeHu /]. Cepukbaesa,
Yemo-Kamenozopck, Kazaxcmau

IIndpoBas cumMy isInusi CATOBOrO aHA/IM3a rPyHTA: BU3ya/Iu3anys JJa6opaTOPHOTO
npoiecca ¥ NnpakTuyecKas 3HAYMMOCTh

AHHOTanmAa. B cTaTbe npe/cTaB/eHbl MOJX0Abl K NOBBIIIEHUI0 TOYHOCTH U METOJUYECKON
NPO3PAaYHOCTH JIAOOPATOPHOTO ONpefesieHUsI TI'PaHyJIOMeTPUYECKOr0 COCTaBa TpPyHTa C
npuMeHeHHeM LUPoOBON cuMyasanuu. Llenab uccnefoBaHUA 3aK/a4yaeTcss B pa3paboTke U
BHEJDEHMU UHTEPAaKTUBHOM MOJeJU Ipoliecca CUTOBOTO aHajlu3a, [O03BOJISOILEN
BU3yaJIM3UPOBATh MOCJE0BATEJbHOCTh Jab0PaTOPHBIX ONepaluil U MOAYEPKHYTh BAXKHOCTb
COOJII0/IEHUS] CTAaHJapTU3UPOBAHHOM MpolleAypbl. HayyHas 3HaUMMOCTb paboThI 3aKJIH0YAETCS B
dbopmanuzanu  TPaJAULMUOHHOM  METOJAWKM  HWCOBITAHUM W CO3JJaHUM  aJIFOPUTMA,
obecreuynBaIero eé TOYHOe BOCIpou3BeieHUe B [UPpoBoi cpefie. [[pakTuyeckass 3HAYUUMOCTb
CBSI3aHAa CO CIOCOOHOCTBIO CUMYJISIIMKU  KOMIIEHCUPOBATh OrpPaHUYEHHUS  peasbHbIX
JIabOpaTOPHBIX YCJAOBUM, MPU KOTOPBIX aJbTepPHATUBHbIE ClleHAPHWU NMPOCEUMBaHHS He Bcerja
MOTYT ObITh BOCIIPOU3BE/IEHDI, YTO CHUXKAET TOYHOCTb U IOBTOPSIEMOCTD Pe3yJbTaTOB. JJaHHBIN
acrnekT BakeH He TOJIbKO B 00pa30BaTeJIbHOU Cpefie, HO U B UHXXEHEPHOU MpPAKTHKe, TaK KakK
HeJ0CTAaTOYHasl MOJIHOTA IpoceBa MOXET NPUBECTH K HCKAKEHUI0 MCTUHHBIX 3HAYeHUH
rpaHyJIOMeTPUYECKUX XapaKTEPUCTHUK TPYHTAa U NPUBECTH K OLIMOKAM B MPOEKTUPOBAHUU
OCHOBAaHUU U OLlEHKe Hecyllell cnocOOHOCTU. BKioueHHe 3TUX aceKTOB B IUPPOBYIO MOJeb
MOBBILIAET METOAUYECKYI0 0CO3HAHHOCTD U paclIupsieT eé NPUMEHUMOCTD KaK B y4eOHBIX, TaK U
B podeCCUOHAbHBIX UHXKeHEePHbIX KOHTEKCTAX, SIBJSSCH JOMOJHUTEIbHBIM HUHCTPYMEHTOM
KOHTPOJIS Ka4eCTBa U MOBbIIIEHUS Ha[eXKHOCTU re0TeXHUYECKUX pelleHU .
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AHaatna. Makasa CcelCMMKaJbIK KayillTi alMakTapZa OpHaJacKaH
FUMapaTTapAblH, CEHIMJIJIri MeH OpPHBIKTBLJIbIFbIH apTTbhIPy MaKcaTbIHJA
TONBIPAKTBIK TOCEHILITEP TYpiH/AEri re0TEXHUKAJIBbIK CEUCMOOKIIAyaay, Heri3
»KoHe KOHCTPYKLMA HbIH 63apa 9peKeTTeCYiH 3epTTeyre apHa/iFaH. 3epTTeY/iH
MakKcaTbl —  TONBIPAKTBIK  TOCEHIlITep TYpiHAEri TreoTeXHUKAJIbIK
celcMOOKIIayJiaybl 6ap FUMapaTTapblH, CEMCMUKAJIBIK CEHIM/IITIH CaH/bIK
Mo/JieJIb/ley KoHe OepisireH KapKbIHAbLIBIKTaFbl »Kep CijlKiHicTepi ke3iHje
Heri3 JedopManuscbl MeH FUMapaTThlH AWHAMUKAJIbIK CUIATTaMaJapblH
BIKTUMAJIIbIK, TYpFblJa Oafasiay. 3epTTey d/licTepiHe TeOpHUSJBbIK Taajay,
PLAXIS 2D 6arjgapsiaMacblHJla 1IEKTi 3JieMeHTTep oJAiciMeH CcaH/bIK
MOJleJib/leY, a/lblHFaH HOTWXKeJlep/i UHTepIpeTalusaay }KoHe CTaTUCTUKAJBIK
O6ipTeKTi eMecCTiK NIeH Ke3AelCoK acepJiep/ii eCKepeTiH bIKTUMAJAbIK d4icTep
apKblJbl FUMapaT CeHIMJIJIriH ecentey Kipeai. AJIbIHFaH HOTHXeJep
TONBIPAKTBIK TOCEHIIITEP TYpPiHJEri re0TeXHUKAJIbIK CeHCMOOKIIAyIayAblH
YKOFapbl TUIMJIIITIH [AaJeel/ii )KoHe OHbl CEWCMHUKAJIBbIK ToayeKeJepAi
TOMEHJeTYyZiH KoJ/DKeTiMAl opl ceHiMAl Taciil peTiHAe WHXeHepJliK
NpaKTUKa/Ja KoJIJJaHyFa MYMKIiHiK 6epe/i.
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Kipicne

Kep cisnkiHici Taburu amaT peTiHAe OypblH OOJIFAaH ayMaKTapAa YakbIT IeH Kupay
KapKbIHABIJIbIFbl JKaFbIHAaH OeJTiCi3ZliKk »kKafFJaWblHJAA KaWTajaHy KacueTiHe wue. OcbIFaH
6alJIaHbICTbl OYKiJ aJieMJie CEMCMUKAJIbIK ToyeKeJs[i TOMeHJEeTY/liH 6acbiM OaFbIThbl peTiHAe
FUMapaTTap MeH HMMapaTTap/AblH OPHBIKTBLIBIFbIH apTThlpyFa OaFbITTaJfaH CEeNCMUKAJBIK,
KOpFay »KoHe CelCMOOKLIayay KyHeJiepiH, COHBIH, illiHe AeMnepJaiK KypblIFblIapAbl a3ipiey
KapacTblpblyiaabl. COHFbl OHXXbLIJbIKTapJaFbl *KOWKbIH >Xep CiJIKiHiCTepi, aTan aWTKaHzAa
Typkusaarbl (2023 k.) )xoHe MbsiHMazarbl (2025 .) xep cisikiHicTepi, AaCcTypJii celicMoTe3iMAl
KYPBIJIbIC TOCi//IepiHiH, KOHCTPYKUUSHBIH, ChI3bIKTBIK eMec AepopMalUsiJaHaTblH TONbIPAKTHIK,
Heriz6eH GipJiecKeH »KYMBbICbIH eCKEPEeTiH TYPFblJa eJieyJii KalTa Kapay/bl Tajal eTeTiHiH alKblH
KOpCETTI.

CoHFBI XbLIAAPbl CEMCMUKAJIBIK 9CepJiepAi TeMeHJleTyre OafFbITTaJfaH Te0TeXHUKAJbIK,
ceicMookaysay (GSI) TyKbIpbIMAaMachkl 6eJsiceHi TypAe Aamyaa. by xxyilesep celicCMUKaJbIK
TOJIKbIHJIAp KYPbLJIbIC HbICAHBIHBIH ipreTacblHa J>KeTKEeHre [JeuiH oJiapJbl imiHapa
IaFbLJIBICTBIPYFA, )KYTYFa HeMece TypJieHAipyre KabinerTti. Hing Ho Tsang [1,2], Ivan Banovi¢ [3],
AHactacuyc [4], Xiong W, Tsang H.H. [5], Forcellini D. [6] eHbexkTepiHZe kepceTiireHpew,
re0TeXHUKaJIbIK CEeMCMOOKILIAyJay KyWesiepi oJlapAbl OpHATy >XoHe MaWJaJiaHy >XaFJaublHJa
YKeTKIIIKTI cCeHIMAiNIK neH TUiMAiNIKKe Ue. TeopuabIK XoHe 3KCepUMeHTTIK 3epTTeysiep GSI
»KyHeJsiepiHiH THUIMAIJNIriH oslapAblH, TiK, Ke/ibey HeMece KeJiieHeH, OpHaJacyblHa [7, 8, 9],
TIKOYPBIIITHI HEMeCe J@HTeJeK MillliHiHe, FUMapaTTaH KAlUbIKTbIFbIHA, COHAAN-AK KaJIbIH/bIFbl
MeH OpHAJIaCThlpy TepeHJiriHe 6alaHbICTbl eKeHiH JaJengeni [10, 11]. Ipretac acTbiHAa
9pTYpJii reoMaTepuajiapAbl, OHbIH illliHJe KyM, KHUBIPIIbIK Tac, Tac MaJjTaJjapbiH [12,13],
pe3eHKe - TombIpak KocnaaapbiH (RSM) [14-21], reoneHaHbl [22-24] K9He reOCUHTETUKAJIBIK,
MaTepuaagapabl [25,26] KosJjJaHy apKblJbl KYPTri3iireH 3KcnepuMeHTTiK 3epTTeysep Ae GSI
XKyHeJslepiHiH CeMCMUKaJIbIK acepJiep/i a3au Ty aFbl )KYMbICKa KabiJIeTTi/IiriH KepceTTi.

Ocpl 3epTTey apTypJii reoMaTepUa fap/iaH »acaJFaH TONbIPAKTBIK TOCEHIIITEDP TYpiHJAET]
reoTeXHUKaJIbIK CEMCMOOKLIAyJIayAblH, THIM/IITIH 9KCIIEPUMEHTTIK XoHE CaHJbIK MOJeJbey
HOTW)KeJiepiHe Heri3zesreH [25-29]. 2)KyMbICTbIH Heri3ri MakcaTbl - TOIbIPAKTbIK TOCEHIIITEDP
TYpiHAeri reoTeXHUKaJbIK CEWCMOOKLIAyJay KOJAAHbLIFAH FUMapaTTap/blH CEWCMUKAJbIK
CEeHIMJIIJIIriH caHABIK MoOJeJb/ley, COHAAaN-aK OepijreH KapKblH/JbLJIbIKTaFbl Kep CLIKiHicTepi
Ke3iHJe Heri3 JedopMalUsACHIHBIH apTyblH >X9He FUMapaTThlH [JAWHAMUKAJIbIK CUIATbIH
BIKTHUMAaJIIbIK, TYPFbIJia 6aFrasiay 60JbIN TaObLIAbI.

CaHAbIK MoJie/ib/iey Te0TEXHUKAJbIK, celicMooKayayablH (GSI) TonblpaKThIK TeCEHIIITep
TYPiIHJEri TeOMeTPHUAJIBIK XKoHe (U3HMKa-MeXaHUKaJbIK NapaMeTpJiepiHiH CelCMHUKaJbIK acep
Ke3iHJieri FuMapaTTap/blH, AUHAMUKAJBIK dcepAi Ce3iHyiHe bIKNaJIbIH aHbIKTayFa MYMKIiHAIK
6epeni. CoHbIMeH KaTap, OepilireH KapKblHAbLIBIKTaFbl dcepJiep KafFfjalblHJa FUMapaTThlH,
JUHAaMUKaJbIK CUMIAThIH TaJ/lay 0ApbIChIHAA CTATUCTUKAJBIK OipTEKTi eMeCTiK MeH Ke3/eMCoK,
acepJiep/i eCKepeTiH bIKTUMaJIbIK OaFasiay afiicTepi KoJsJaHblIaabl.

JdjicHamMa

3epTTey 94icTepi MbIHAJApAbl KAMTHU/BI:

- TONBIPAKTBIK, TOCEHIIITEP TYPiHAErI reoTeXHUKaJbIK CeMCMOOKUIAyJaayJblH HeEri3JepiHe
TEOPHUAJIBIK TaJJay KYpPrizy KoHe CEeWCMHUKa/bIK KayilCi3AiKTi KaMTaMmachl3 eTYAiH
KOJIJIaHbICTaFbl TOCiIIEepiH 6aFaJsiay;

- PLAXIS 2D 6afpapJsiaMasiblK KellleHi HeTri3iH/e COHFbI 3JIEMEHTTEP d/liCiMeH GepiireH
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KapKbIH/BIJIBIKTaFbl CEMCMUKAJIBIK 9cepJiep Ke3iHJeri FuMapaTTapAblH JAUHAMUKAJbIK acepAi
ce3iHyiHe CaH/bIK MO/JIeJIb/IEY;

- TONBIPAKTBIK TOCEHIIITEP TYpPiHJEri re0TeXHUKaJbIK CeHMCMOOKUIay/ay/AblH CEHiMJiairiH
BIKTUMaJIABIK TYpPFbIAA Tajjady >XKoHe CEUCMHUKAJIBIK acepJiep »KarjaWblHJAAa FUMApaTThIH,
JMHAMUKaJIbIK CUIIATbIH O6aFasiay.

CenimzinikTi 6arasay 60ibIHILIA MO/JieJibJley 4 Ke3eH e XKypri3ineni:

1. Tabufu Heri3AiH WeEryiH ecenTtey *XoHe OepiireH KapKbIHABIJIbIKTAaFbl CEMCMUKAJBIK
acepJiep KesiHeri FUMapaTThIH JUHAMUKAJBIK 9Cep/i Ce3iHyiH aHbIKTay.

MakcaTpl: Tabufu Heri3AiH KeTeprill KabisieTiH, coHAaM-aK iprerac JeHrewiHzae >XoHe
FUMapaTThIH }KOFapFbl HYKTECiH/e Maii/ia 60/1aTblH JJUHAMUKAJBIK yAey/ep/ii aHbIKTay.

2. KanblHAbIFbl 3 M ipi TYHIpUIKTI KYMHaH >KacajJifaH TONbIPAKTbIK TOCEHIIITEP TYpiHAETI
CeMCMOOKIIay/ay/blH ~ CTaTUKaJbIK JK9He JIMHAMUKAJIbIK CHUIATTaMaJapblH  3€epTTeY.
MakcaThl: ipi TYHipIIiKTI KYMHaH »KacaJiFaH TONbIPAKTbIK TOCEHIIITIH, KOTeprill KabiseTiH koHe
OepisireH acepJiep Ke3iHJeri FUMapaTTbIH JUHAaMUKaJbIK CUNIATbIH aHbIKTAy.

3. Teotopsbl KabaThbl Gap ipi TYHipHIiKTIi KYMHaH ’KacaJiFaH TOMNBIPAKTBIK TOCEHILITep
TYpiHAeri ceucMoOOKliaysay KarJaWblHJAQ ¥FUMapaTTblH JUHAMUKAJbIK CUIIaTTaMaJlapblH
3epTTey.

MakcaTbl: reoTop KabaTbl 6ap ipi TYHipwiKTi KyMHaH »acaJjifaH TONbIPAKTbl TeCeHilTep
TYpiHJeri FUMapaTThlH KeTeprill KabijeTiH xoHe Gepi/ireH KapKblHAbLIBIKTaFbl CeCMUKAJIBIK
acepJiep KesiHeri JUHaMUKaJbIK dcep/i ce3iHyiH aHbIKTay.

4. MojgenbJley HOTWXKeJsiepi OOWBbIHIIA aJIblHFAaH oOpTalla MHJep TeHiperiHjeri
BIKTUMAJIAbIKTapAblH, HOpMaJib TapaJjiyblHa Heri3jieJireH TOMbIPAKThl TOCeHillTep TypiHJAeri
cercMOOKIayJiay/iblH CEHIMIJIriH Taaaay.

MakcaThbl: LIeKTi aF/jaiap/iblH HOPMaTHUBTIK KpUTepUiJIEpiHEH acy bIKTUMaJIJIbIKTapblH
’)KoHe CeHiMiJiK kKo3dpduiMeHTTepiH aHbIKTAy. MyHAaW Toacisn ecenTey yJepiciHe Ke3JeMCOK
dakTopsap/ibl eHri3yre, opTypJii LIEKTi )KaFAauaapAbl ToyeKeJl leHrei 60MblHILA CaJlbICThIPYFa,
COHJAM-aK MaKCaTTbl CeHIMJIJIK JieHreliHe cyleHe OTbIPbII HOPMATUBTIK Kayilci3aik
K03pdUIMEeHTTepiH Ka/iubpjieyre MyMKiHZIK 6epesi.

HaTuxesiep MeH TaJIKbl1ay

FrumapaTThiH celicMUKaBIK 9cepJsiepre Ce3iHyiH aHbIKTAy dJicTeMeci MoJieJibJiey JlepeKTepi
60MbIHILIA aJIbIHFAH OpTallla MaH/ep allHa/laCblHAAFbl bIKTUMaJIAbIKTAaPAblH HOpPMaJib TapaJjyblHa
Herizgeseni. KypbljibIiM 1LI6ryiHiH 1eKTi MoHIHEH acy BIKTUMaJJbIFbl KeJjieCl 6pHEK apKblJIbl
aHbIKTaJa/bl:

P(s > sym) = 1= @ (M) ()

Os
MYH/JIaFbl, (S) — LWWe6ryZiH opTalla MaHi, 6@ - cTaHAAPTTBIK aybITKY, Slim — LI6TYAiH LIEKTi

pykcat eTiireH MoHi, ¢ - CTaHAApTTbl  HOpPMaJib  YJIECTIpiM  QYHKLUACHI.
[llery 6o¥bIHIIA COMKeC CEHIMALNIK KO3 PUIIUEHTI KeJieCi epHEKIeH aHbIKTaJIa/lbl:

Stim—u(s)
g = Hmt2 (2)

Os

¥YKcac Typ/ie ceiCMHUKaJIbIK 9Cep Ke3iH/le ipretac AeHreliHze *xoHe FUMapaTThIH, }KOFapFbl
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HYKTeCiH/le pyKcaT eTiJiIreH y/Iey/liH acblll KeTyi KpUTepuMi 60 MbIHIIA iCTEH IIBIFY bIKTUMaJJbIFbI
aHbIKTaJIaJpbl:
Pf(afund > alim) =1-9o <M) (3)

O'af

MYH/aFbl, [L(afund) 2K9HE Oaf — HETIi34€eTi TiK y/leyAiH opTalla MaHi MeH CTaHAapTThIK aybITKYbI,
alim — YZeYyAiH pyKcaT eTiJIreH HOpMaTUBTIK MaHi.
Ochbl KpUTEpUNTe COMKEC KeJIeTiH CeHiMA K KoadPULIMeHTI KeJseci TypAe aHbIKTalapbl:

aim—u#(afruna)
ﬁaf — Zum—# P fund) (4)

Uaf

MaTtepuangap. Mogeab ey yiuiH Kpi3bliopa KaslacblHarbl HAKThI 10 KabaTThl FUMapaTThIH
JepekTepi KoJsJaHbLaAbl. FuMapaTTblH Kocmapgaa eJsimemzaepi 15,5x27 M, 6wuikrtiri 39 M.
KOHCTpPYKTUBTIK cyJsibachkl - KaHKaJibl-6aWJaHbICTbI KyHe (KaTTbIJbIK AuadparMasiapbl 6ap
MOHOJIUTTI KaHKa). [preTacsl - KaJbIHAbIFbI 1,0 M NIMTaNBIK ipretac, 6eToH KJjacbkl B25.

Kypbl/ibIC a/laHbIHbIH Te0JIOTUSAJIbIK KMMAachl: KaJblHAbIFbl 3 M-Te JIeWiHri yuiHzi TonbIpak,
’)KoHe TeMeHri KabaT - KaJblHAbIFbl 12 M-re AeHiHri opTaiia ThIFbI3JbIKTAFbl YCaK KyM.
JNedopmanusa moayi E = 19,9 MIla, TeiFbi3 a6l 1,88 r/cm?.

EcenTik Tonbipak MacCUBi OpTaJiblK akMaKTa FUMapaTThIH JUHAMHUKAJbIK CUIIaThbIHA €CENTIK
aliMak llieKapaJiapblHaH IIAaFbIJIFaH TOJKbIHAAP/AbIH 9CEPiH 60/4blpMay MaKcaTbliHZAA eHi 150 M
>koHe TepeHiri 40 M 60/1bIN KaObLIJAHABI.

EcenTik ceiicMmukaibIK acep 0,25g, acep ety y3akThiFbl - 20 c. Bys1 acep Kobe xep cisiKiHiCiHIH
(1995 ., marHuTygacel 6,9, Puxtep mikasacel 60#biHIIA 7,3) akcejeporpaMmmachl HerisiHje
MacIITadoTaagbl.

ATanraH xep cijKiHiciHiH cnekTpJsik gepektepi MSK-64 mkasacbl 6oMbIHIIA 7-8 6ajiia
KapKbIH/AbIJIbIFbIHA TOH CEMCMHUKAJIBIK KYKTeMe >KaFJaWlapblH KEeTKIJIIKTI AeHrenae Kaurta
eH/JIipyre MyMKiH/JIiK 6epeJi.

Mozesibiey MiHAETIH KOO XK9He HaTHKesiep

Minget 1. Tabufu Heri3AiH LI6ryiH ecenTey >koHe GepiJireH CeMCMHUKaJbIK dcepJiep Ke3iHae
(Kobe xep ciskiHiciHiH akceseporpaMmmachl 60ibIHIIA) ipreTac AeHreliH/e »KoHe FUMapaTThIH
»KOFapFbl HYKTeCiH/e yaey/aepai aubiKTay. CoHAai-aK, cCeiCMHUKaJIbIK 9cepJiep Ke3iH/le ipreTacka
TYCETiH )KYKTEMEHIH bIKTUMaJI apTybIH O0afasay (1-3 cyperTep).

1-cypeT. FuMapaTThIH k006a/1ay cxeMachl
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FuMmapaTThIH K0FapFbl HYKTecCiHJeri yaey ipretac geHredingeri MoHHeH 35% »KoFapbl, Oy
FUMapPATThIH, }KaJIllbl CEHIMAIJIriHe acep eTyi MYMKIH.
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Total displacements uy (scaled up 500 times)
Maximum value = 4,283"10-3 m (Element 2304 at Node 8132)
Minimum value = -7,652"10-3 m (Element 2370 at Node 7833)

EcenTik )XyKTeMe acepiHeH

2-cypeT. IpretacTbiH, weryi (141 Mm)
ipretacTblH, 16Tyl HOpPMAaTUBTIK MOH/AEP/EH aCBII TYCe/|.
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3-cyper. IpreTac genreiingeri yzaey (1,96 m/c?) (a) »oHe FUMapaTThIH, XKOFaPFbI

Minget 2. KaabiHabiFbl 3

"ykTecingeri yaey (3,04 m/c?) (6)

M ipi TYHipwikTi KyMHaH >KacaJifaH TOMNbIPAKTbIK TOCEHillTep

TYpiHJeri celicCMOOKLIay/ay/iblH, CTaTUKaJbIK >X9HEe JUHAMUKAJbIK CUMIaTTaMaJjapblH 3epTTeY,
TOMBIPAKThI TOCEHILITED ay/laHbl FUMapaT eJiieMi A-Fa KaTbICThl 1,5A-Fa TeH (4-7 cypeTtTep).

4-cilpeT. FumapaTThiH )x06asay cxemachl (ipi TyRipIikTi Kym)
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Mingetr 3. FeoTop KabaThl 6ap TOMBIPAKTBHIK TOCEHILITep TypiHAeri celcMooKiayJsiay
KOJIIaHbIJIFaH JKaFJaii/la FUMapaTTbIH JUHAMUKAJIbIK 9CePAi Ce3iHyiH 3epTTey.

General Parameters Groundwater Thermal Interfaces Initial

Property Unit Value
Stiffness
E' kN/m?2 45,00E3
v (nu) 0,3000
Alternatives
G kMN/m2 17,31E3
E gedt kN/fm> 60,58E3
Strength
€ ref kN /m2 0,000
' (phi) z 30,00
w (psi) = 0,000
Velocities
(e mfs 92,14
v m/fs 172,4

5-cypeT. KyMHbIH $HU3MKa-MexXaHUKAJIbIK CUlIaTTaMaJaphl
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Total displacements uy (scaled up 5,00 times)
Maximum value = -0,1347*10-3 m (Element 1352 at Node 868)
Minimum value = -1,186 m (Element 42 at Node 426)

6-cyperT. Ipretactbiy weryi (-129 mMm) (ipi TyHipuikTi Kym)
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7-cypet. iprerac geHreiingeri yaey (1,595 m/c?) (a) »aHe FUMapaTThIH }KOFapFbl
HykTecingeri yaey (2,922 m/c?) (6).

54 Ne1(154)/ 2026 J1.H. I'ymuses amviHdarsl Eypasusi yaimmuoik yHusepcumeminiy XABAPILBICHI.
TexHUKA/IbIK FblAbIMAAp HcaHe MeXHOA02USAAP CEPUSIChI
ISSN: 2616-7263. eISSN: 2663-1261



XKep cisikiHici acepiH TeMeH/leTyre apHaIFaH reoTeXHUKaJbIK ceicMoKopFayabiH (GSI) ceHimiiri

Byan perre O6uikTiri 2 M 6osiaThlH ipi TYMiplIiKTi KyMHaH »KacajfaH TOIbIPAKTHIK,
TeceHilTepile 1 M TepeHAiIKTe OpHa/JaCKaH reoTop KabaTbl 6ap celcMOOKIIay/ay HYCKachbl
KapacTeIpbliajbl (8 - 11cypeTrTep).

50 250 00 50 000 700 0000

8-cypeT. FuMapaTTbIH )k06aJiay cxeMachl (reoTop KabaTTapbl 6ap ipi TyHipuiikTi Kym)

Mechanical Thermal

Property Unit Value

Material set

Identification NeoceTka

Comments

Colowur RGB 255, 255, 0
Material type Elastic

Properties
Isotropic
EA 4 kN fm 3000
EA 5 kM jm 3000

9-cypeT. ['eoTOp/IapAbIH cUnIaTTaMaJ1aphl

60,00 40,00 2000 0,00 20,00 40,00 60,00 80,00 100,00

049

Total displacements uy (scaled up 5,00 times)
Maximum value = -0,1346"10-3 m (Element 1300 at Node 34)

Minimum value = -1,149 m (Element 38 at Node 3948)

10-cypeT. IpretacTbiy meryi (-114 MM) (reoTop KabaTTapbl 6ap ipi TyHipiikTi KyMm)
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[eoTop KabaTbl 6ap TONBIPAKTBHIK TOCEHIIITep TYpPiHJAeri celcMOOKIIayiay KOJAAHbIJIFaH
»KaFJai/ia ipreTacThlH LI6Tyi Te0TOPChI3 HYCKaMeH cayblcTbipranzaa 10 %-fa as.

11-cyper. Iprerac genredingeri yaey (1,389 m/c?) (a) %oHe FUMapaTTbIH XKOFapFbl HYKTECiH/eri
vaey (2,585 m/c?) (6)

[eoTop KabaTkl 6ap Heriszze Je yAey/iH ToeMeHieyi 6alKasia/ibl.

1-kecTe. OPTYpJii Heri3 TypJiepi KafAaublHJA FUMapaT KOHCTPYKUMSACBIHBIH, CEHIMJIIIriH
BIKTUMaJIAbIK TYPFblJia 6aFajiay napaMeTpJepi

u(s), |oM@, . u(afund), P_f

Hyckanap MM MM P(s>100) | p@ M/ Oaf (arund>2,5) Baf
Ceiicmookmaysnayc | 141 28,2 92,7 % -1,45 {1,960 0,490 [ 13,52 % 1,10
bI3
Ceicmookuaysnay - | 129 25,8 87 % -1,12 | 1,595 0,399 (1,16 % 2,27
KyM (h =3,0 m)
CelicMmookmaysay - |114 |22,8 73 % -0,61 1,389 0,347 | 0,069 % 3,20
KyM + 2xreoTtop (h =
3,0 m)

2-kecTe. KOHCTPYKIMSIHBIH KOFapFbl 66JIiriHe apTypJii Heri3 TypJiepi xkaFgaiibiHa FUMapaT
KOHCTPYKIUSCBIHBIH CEHIMAIJITiH BIKTUMaNJbIK TYPFblia 6aFasay nmapameTpJiepi.

Hycxanap K(atop), m/c? Oat Pr (atop>3,5) Bat
TeceHiwicis 3,040 0,760 27,25 % 0,61
Kym (h = 3,0 m) 2,922 0,731 21,44 % 0,79
KyM + 2xreoTtop 2,585 0,646 7,84 % 1,42
(h=3,0m)
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OpTYpJli Heri3 TypJiepiMeH 9He KOHCTPYKIUSHBIH »KOFapfbl Oesirinae apTypJi Heris
TypJiepi »KaFJaWblHJQ FUMapaT KOHCTPYKLHMACBIHBIH CEHIMJIJNIriH BIKTUMAJIABIK TYpPFbIAA
6afasiay napameTpJiepi TeMeH/eri 1 xxoHe 2 KecTeJsiep/ie 6epiirex.
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12-cyper. lllery 60#ibiHIIA CEHIMiMIK KO3PPULIMEHTTePi MEH LIEKTI MOHHEH acy
BIKTUMAaJIIbIKTapPbIHbIH rpaduri

Bat ceHimpinik KoadpduumeHTiHiH P_f(a_top > 3,5) biIKkTUMangbifFbiHa Tayenginiri
yM + 2xreoTtop|(h = 3,0 M)
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PykcaT eTinreH ygoeyaeH acy biKkTUManabifbl, %

13-cypeT. KOHCTpPYKLMSHBIH, )KOFapFbl 66J1iriHaeri yaey 60iblHIIA CeHiMAiTIK
K03QPUILIMEHTTePI )KOHe PYKcaT eTiJITeH Y/ey/leH acy bIKTUMaJlIbIKTapbIHbIH Ipaduri
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[preTacTbliH weryi 60MbIHILIA XKYPri3ijJireH caHAbIK MoJieJibJiey HOTHXeJlepi (2-cypeT kaHe 6-
cypeT) OepijreH FUMapaT YVIIiH TONBIPAKTHIK TOCEHIIITep TYpiHJeri celcMooKIIay iayablH,
OHTaWJIbl KaJbIHAbIFbI 3,0 M IaMacblHAA eKeHiH KepceTeni. Bys »KaFgalja ipretacTblH LIOryi
aTaJIFaH »k00a YIiH 6eJrijieHreH HOpMaTUBTIK TaJlaTapAaH acnanjpbl.

10-cypeTTeH KepiHreHzAeH, TOMNBIPAKTbIK TOCEHIWITEp TypiHJeri celcMooKlIayJaay
KOJIJaHbLJIFAH ipreTtac Heri3iHiH KeTeprim KabiseTi reoTop KabaTbl XOK HYCKaMeH
canbicTbipraHia 20 %-ra apTkaH. CoHbIMeH KarTap, reoTop KabaTbl 6ap celcMOOKLIayJsay
»KaFlalbIH/ A ipreTacThIH 1I6ryi reoTOpPChI3 HYCKaMeH casbicThipFanga 20 %-Fa a3alifaH.

TonblpaKThIK TeceHILITEpP TYpiHAEri cercMOOKIlayayAblH FUMapaTTblH, CEHCMHUKAJbIK
ce3iHyi acepiH 3epTTey HOTHWXKeJiepi, AFHU iprerac JeHreuiHze >XKoHe FUMapPaTTbIH >KOFapFbI
HYKTeCiHJle yJeyJep/ii eJilley, CeHCMOOKUIAy/aay/blH KaJbIHAbIFbl apTKaH CaWblH ipreTtac
JleHreilinjeri yaeynep/iid autapablKTall TeMeH/eiTiHiH kepceTe i (13-cypeT). CoHbIMEH KaTap,
FUMapaTThlH, >KOFapFbl HYKTeCiHJe OpbIH aybICThIpyJap MeH YJey MaHJepiHiH a3 00Jybl
6alikasiaabl. bys Tombipak TepbesicTepiHiH FUMapaTKa 6epinyi GapbICbiHAA 3HEPTUsSHbIH, Oip
OeJiiri n1acTUKaNbIK CUIIaTbIMEH CUIIaTTaJlaTblH KOHCTPYKTUBTIK XYyiHe apKblJbl XKYThIJIybIMeH
TYCiHAIpilyl MyMKiH.

KOpBITBIHABI

KoHcTpykuus, Heri3 »XoHe TONBIPAKTBHIK TOCeHILITep TYpiHAeri cedCMOOKLuay/ay e3apa
OpEeKeTTeCyiH CaHJbIK MOJeJbJey HOTHXKeJepi reoTeXHUKaJbIK celicMmooKuiayaayabsl (GSI)
JaMbITy YUIiH Heri3 6oJsia anajbl. CaHABIK MoJeJibJey Tajjaybl KaJablHAbIFbl 3,0 M-re JAeuiHri
TONBIPAKTHIK, TOCEHILITIH, nedopMalnusiiap bl OKl11ayJiay KabaTbIHbIH, Hmierige
JIOKa/nM3anuaaayra MYMKIiHZAIK OepeTiHiH 9He FUMapaTThlH KOFApFbl HYKTECIHZET] yAeyAiH
»kofapbl MaHi (PGA) 30-40 %-fa TeMeH/IeTETiHIH KOPCETTI.

3epTTey HOTHXKeJiepi KYM — KUbIPLIBIKTAC KOCHAChIH K9He T€0CUHTETHUKAJIbIK KabaTTapAbl
KaMTUTBIH apaJjac lLIeliMJepAid, eH >KOofapbl THUIMJiJIK KepceTeTiHIH aHBIKTAa/bl.
CelicMooKUIay/1ay/AblH CEHIMAIJIIrH MOieJib/ley HOTUXeJslepi 60MbIHILA aJblIHFaH OpTalla MaH/EpP
TeHiperiHjeri bIKTUMaJAbIKTAp/AblH, KaJbIIThl TapaJjiyblHa HeTi3Jie/iTeH ecenTey OepiireH
KapKbIH/JBIJBIKTaFbl Kep CiIKiHiCTepi Ke3iHAe IIeKTi »KaFfjaislapAblH HOPMAaTUBTIK
KpUTepuiJiepiHeH acy bIKTUMaJJbIKTapblH *X9He CeHIMJiNik K03)PUIUMEeHTTEPIH CaH/BbIK,
TYpFblJia 6aFasiayFa MyMKiH/iK 6epe/i.

FumapaTrTtap yIIiH reoTexHUKasblK ceiicMookiuaynayabl (GSI) caHAablK Moaenbjey
HOTHXKeJlepl TONBIPAKTBIK TOCEeHIITep TypiHAeri ceucMooOKuaysay TOCIiHIH KOFaphbl
TUIMZIJIITIH pacTani/bl )KoHe OHbI CEMCMUKAJIBIK ToyeKeJiepAeH KOpFayAblH KOJDKETIM/I, CeHIM i
api OGeHiMAesrill TexXHOJIOTUSACHl peTiHJAe Ka3ipri HHXeHepJiK MpaKTHKaAa KoOJIJaHyFa
00/1aTbIHBbIH J2J1eeN .

3epTTeyAiH,  NpaKTUKaJblK  MaHbI3/bLJBIFbl  YCBIHBIJIFAH  LIelliMAepAiH,  apTypJl
reoTexXHUKaJbIK XafAalaapel 6ap KobasapFa UHTerpayusiJlaHy MyMKiHJIriMeH alKblHAa1a4bl.

ABTOpJ/IapABIH, KOCKAH YJieci

E. Becum6aeB- 3epTTey >KYMBICBIHBIH TYXbIpbIM/IaMacCblH d3ipJjieyre »aHE FbIJIbIMU
6aFbIThIH alKbIH/]AyFa KEeTEKILIIiK Kacapbl.

C. HueT6au-3epTTey/iH d9icCHaMachIH 93ipJiey, CaH/IbIK MOJe/IbJieyAi OPbIH/AY )KoHe ecenTey
HOTWKeJIePiH TaJjayFa KaTbICThI.

P. llleren6aeB- TeopusbIK TalAay )KYpPri3y, 6acTanKpel MaTepuaiap/bl )KUHAY Ko He
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WIJIIOCTPALMSJIBIK MaTepUaaapAbl JaWblHAAY »KYMbICTApblHA KaTbICThl. MaKaJlaHbIH, FbLJIBIMU
peaKLUsAChl MEH Ma3MYHbBIH XKeTilAipy »KyMbICTapbl

10.

11.

12.

daeo6uerrep Tizimi

AxmerxkaHoBa C.b. KazakcTraHgarbl JKOoFapbl 6ijiM: JgaMy MaceJsesiepi MeH
nepcnexktuBanapbl // JLH. 'ymuses amoeiHdarul EYY xabapwbicel. Xumus. leozpagus.
Ikos02us cepusicul. — 2016. - Ne 5. - B. 10-18.

Tsang H.H. Analytical design models for geotechnical seismic isolation systems // Bulletin
of Earthquake Engineering. - 2023. - Vol. 21. - P 3881-3904. -
https://doi.org/10.1007/s10518-022-01469-x

Tsang H.H., Pitilakis K. Mechanism of geotechnical seismic isolation system: analytical
modeling // Soil Dynamics and Earthquake Engineering. - 2019. - Vol. 122. - P. 171-184. -
https://doi.org/10.1016/j.s0ildyn.2019.03.037

Banovi¢ I, Radni¢ ]., Grgi¢ N. Foundation size effect on the efficiency of seismic base isolation
using a layer of stone pebbles // Earthquakes and Structures. - 2020. - Vol. 19, No. 2. - P.
103-116. - https://doi.org/10.12989 /eas.2020.19.2.103

Tsiavos A., Haladij P, Sextos A., Alexander N.A. Analytical investigation of the effect of a
deformable sliding layer on the dynamic response of seismically isolated structures //
Structures. - 2020. - https://doi.org/10.1016/j.istruc.2020.08.016

Xiong W, Tsang H.H., Lo S.H., Shang S.P, Wang H.D., Zhou E.Y. Geotechnical seismic isolation
system — experimental study // Advanced Materials Research. - 2011. - Vol. 163-167. - P.
4451-4455. - https://www.scientific.net/AMR.163-167.4449

Forcellini D. Assessment of geotechnical seismic isolation (GSI) as a mitigation technique
for seismic hazard events // Geosciences. - 2020. - Vol. 10, No. 6. - Art. 222. -
https://doi.org/10.3390/geosciences10060222

WnbnyeB B.A. K onenke koadduuuenta aeMndupoBaHHs OCHOBAHUs (PYHaMEHTOB,
COBEpIIAIIIMX BepPTHKaJbHble KoJsiebaHus // OcHoeaHus, ¢pyHOaMeHmMbl U MEXAHUKA
epynmos. - 1981. - Ne 4. - C. 22-26.

Bessimbayev E., Zhambakina Zh., Niyetbay S. Ensuring the seismic safety of a building using
a geotechnical seismic isolating screen // Eastern-European Journal of Enterprise
Technologies. — 2022. - Vol. 3, No. 7(117). - P. 59-67. - https://doi.org/10.15587/1729-
4061.2022.260035

Orekhov V.V, Negahdar H. Efficiency of trench barriers used to protect structures from
dynamic loads // Vestnik MGSU. - 2016. - URL:
https://cyberleninka.ru/article/n/efficiency-of-trench-barriers-used-to-protect-
structures-from-dynamic-loads-and-studyof-the-stress-strain-state-of-soils-based-on-
strain-1 (fata obpamenus: 05.01.2026).

Jauhari N., Hedge A. Performance evaluation of single and multiple trenches in screening
ground vibrations // Soil Dynamics, Earthquake and Computational Geotechnical
Engineering. - Singapore: Springer, 2022. - P. 335-345. - https://doi.org/10.1007/978-
981-19-6998-0 29

Bessimbayev Y., Shadkam A., Begaliev U., Begentayev M., Suleyev D., Zhumadilova Z.,

JI.H. I'ymunes amuiHdarsl Eypasus yammutk ynusepcumeminiy XABAPIIBICHL N91(154)/ 2026 59
TexHUKA/1bIK Fbl1bIMOAP HCIHE MEeXHO102UANAP CePUSIChl
ISSN: 2616-7263. eISSN: 2663-1261


https://doi.org/10.1007/s10518-022-01469-x
https://doi.org/10.1016/j.soildyn.2019.03.037
https://doi.org/10.12989/eas.2020.19.2.103
https://doi.org/10.1016/j.istruc.2020.08.016
https://www.scientific.net/AMR.163-167.4449
https://doi.org/10.3390/geosciences10060222
https://doi.org/10.15587/1729-4061.2022.260035
https://doi.org/10.15587/1729-4061.2022.260035
https://cyberleninka.ru/article/n/efficiency-of-trench-barriers-used-to-protect-structures-from-dynamic-loads-and-studyof-the-stress-strain-state-of-soils-based-on-strain-1
https://cyberleninka.ru/article/n/efficiency-of-trench-barriers-used-to-protect-structures-from-dynamic-loads-and-studyof-the-stress-strain-state-of-soils-based-on-strain-1
https://cyberleninka.ru/article/n/efficiency-of-trench-barriers-used-to-protect-structures-from-dynamic-loads-and-studyof-the-stress-strain-state-of-soils-based-on-strain-1
https://doi.org/10.1007/978-981-19-6998-0_29
https://doi.org/10.1007/978-981-19-6998-0_29

P. Illeren6aeBa, E. becumbaes, A. lllagkaMm, C. Huetr6am

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Irgibayev T., Ussipbekov Y. Development of geotechnical seismic isolation system in the form
of vertical barriers // Buildings. - 2024. - Vol. 14, No. 9. - Art. 2736. -
https://doi.org/10.3390/buildings14092736

Banovi¢ 1., Radni¢ J., Grgi¢ N. Numerical model for dynamic analysis of structures with
seismic base isolation using a layer of stone pebbles // Ingegneria Sismica. - 2018. - URL:
https: //ingegneriasismica.com /2021 /vol-38-issue-1/numerical-model-for-dynamic-
analysis-of-structures-with-seismic-base-isolation-using-a-layer-of-stone-pebbles/
Pitilakis K., Trevlopoulos K., Anastasiadis A., Senetakis K. Seismic response of structures on
improved soil // Proceedings of the 8th International Conference on Structural Dynamics. -
Leuven, Belgium, 2011.

Tsiavos A., Alexander N.A., Diambra A., Ibraim E., Vardanega P.J., Gonzalez-Buelga A., Sextos
A. A sand-rubber deformable granular layer as a low-cost seismic isolation strategy // Soil
Dynamics and Earthquake Engineering. - 2019. - Vol. 125. - Art. 105731. -
https://doi.org/10.1016/j.s0ildyn.2019.105731

Pitilakis K. et al. Numerical investigation of the seismic response of RC buildings on soil
replaced with rubber-sand mixtures // Soil Dynamics and Earthquake Engineering. - 2015.
-Vol. 79. - P. 237-252.

Brunet S., de la Llera J.C., Kausel E. Non-linear modeling of seismic isolation systems made
of recycled tire-rubber // Soil Dynamics and Earthquake Engineering. - 2016. - Vol. 85. - P.
134-145.

Hazarika H. Structural stability during earthquakes using tyres // Proceedings of IW-TDGM.
- Yokosuka, Japan, 2008.

Pistolas G.A., Pitilakis K., Anastasiadis A. Seismic isolation potential of rubber/soil mixtures
// Earthquake Engineering and Engineering Vibration. - 2020. - Vol. 19. - P. 683-704.
Senetakis K., Anastasiadis A., Pitilakis K. Dynamic properties of sand/rubber mixtures //
Soil Dynamics and Earthquake Engineering. - 2012. - Vol. 33, No. 1. - P. 38-53.

Feng Z.Y., Sutter K.G. Dynamic properties of granulated rubber/sand mixtures //
Geotechnical Testing Journal. - 2000. - Vol. 23, No. 3. - P. 338-344.

Karatzia X., Mylonakis G. Geotechnical isolation of pile-supported bridge piers using EPS
geofoam // Proceedings of the 16th World Conference on Earthquake Engineering. - Santiago,
Chile, 2017.

Mehran N., Martin Z., Raul F. Vibration screening in layered soil by geofoam-filled barrier //
HAL Open Science. - 2023. - URL: https://hal.science/hal-04155034

Amato L., Flora A,, Bilotta E., Nappa V. Field trials on soft grouting barriers // ISSMGE. -
2017. - URL: https://www.issmge.org/publications/publication/field-trials-on-soft-
grouting-barriers-to-mitigate-vibrations-effects

Yegian M.K,, Lahlaf A.M. Dynamic interface shear strength of geomembranes // Journal of
Geotechnical Engineering. - 1992. - Vol. 118, No. 5. - P. 760-779.

Yegian M.K., Kadakal U. Foundation isolation using a smooth synthetic liner // Journal of
Geotechnical and Geoenvironmental Engineering. - 2004. - Vol. 130, No. 11.-P. 1121-1130.
Banovi¢ 1., Radnic¢ J., Grgi¢ N., MateSan D. Use of limestone sand for seismic isolation of
foundations. - 2018. - https://doi.org/10.1155/2018/9734283

Zhang H. et al. Marine sand cushion-based geotechnical seismic isolation system // Soil
Dynamics and Earthquake Engineering. - 2023. -
https://doi.org/10.1016/j.soildyn.2023.107854

60

Ne1(154)/ 2026 J1.H. I'ymuses amwviHdarsl Eypasusi yaimmuoik yHusepcumeminiy XABAPILBICHI.
TeXHUKA/IbIK FLALIMOAP HaHEe MeXHOA02USNAP CepUsiCbl
ISSN:2616-7263. eISSN: 2663-1261


https://doi.org/10.3390/buildings14092736
https://ingegneriasismica.com/2021/vol-38-issue-1/numerical-model-for-dynamic-analysis-of-structures-with-seismic-base-isolation-using-a-layer-of-stone-pebbles/
https://ingegneriasismica.com/2021/vol-38-issue-1/numerical-model-for-dynamic-analysis-of-structures-with-seismic-base-isolation-using-a-layer-of-stone-pebbles/
https://doi.org/10.1016/j.soildyn.2019.105731
https://hal.science/hal-04155034
https://www.issmge.org/publications/publication/field-trials-on-soft-grouting-barriers-to-mitigate-vibrations-effects
https://www.issmge.org/publications/publication/field-trials-on-soft-grouting-barriers-to-mitigate-vibrations-effects
https://doi.org/10.1155/2018/9734283
https://doi.org/10.1016/j.soildyn.2023.107854

XKep cisikiHici acepiH TeMeH/leTyre apHaIFaH reoTeXHUKaJbIK ceicMoKopFayabiH (GSI) ceHimiiri

29.XacanoB H.H. bait B.®, PabueB K.P. [IpoekTHpoBaHuMe U yCTPOWCTBO OCHOBAaHUU C
MOMOIIbI0 TPYHTOU3BECTKOBBIX Noayliek // HUHoceHepHblll secmHuk [loHa. - 2022. - Ne 2.
URL:https://cyberleninka.ru/article/n/proektirovaniya-i-ustroystvo-osnovaniy-i-s-
pomoschyu-gruntoizvestkovyh-podushek/viewer

R. Shegenbayeval, Y. Bessimbayev?, A. Shadkam?, S. Niyetbay*23:4

1Korkyt Ata Kyzylorda University, Kyzylorda, Kazakhstan;
2Satbayev University, 22 Satbayev Street, Almaty, Kazakhstan; School of
3Construction, International Educational Corporation, Almaty, Kazakhstan;
4LLP Kazakh Leading Academy of Architecture and Civil Engineering, Almaty, Kazakhstan

Reliability of Geotechnical Seismic Isolation (GSI) for Reducing Earthquake Effects

Abstract. The article investigates the interaction between soil cushion-based geotechnical
seismic isolation, the foundation, and the superstructure with the aim of improving the reliability
and stability of buildings located in seismically hazardous regions. The main objective of the study
is the numerical modeling of the seismic reliability of buildings equipped with geotechnical seismic
isolation in the form of soil cushions, as well as the probabilistic assessment of foundation
deformation growth and the dynamic response of the structure under earthquakes of a given
intensity. The research methodology includes theoretical analysis, numerical modeling using the
finite element method implemented in PLAXIS 2D, interpretation of the obtained results, and
reliability assessment based on probabilistic methods that account for statistical heterogeneity and
random effects.. Probabilistic analysis indicates that the probability of exceeding the allowable
acceleration at the top of the building decreases from 27% to 7.84%, while the reliability index
increases to Bat = 1.42 (a 73% improvement). These findings confirm the high efficiency of soil
cushion-based geotechnical seismic isolation and demonstrate its potential for practical
application as an affordable, reliable, and adaptable solution for reducing seismic risk in
engineering practice.

Keywords: seismic effects, soils, artificial foundation, accelerograms, dynamic response of
buildings, acceleration reduction.
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Haje>XHOCTh reoTeXHU4eCKOM CeiiCMOU30IALMM (gSi) A1 CHUXKeHUS BO3AeUCTBUN
3eMJIeTPsSICEHUA

AHHoTanua. CTaTbs NOCBAIIEHA UCCJIeJOBAaHHUIO B3aUMOIe UICTBUS Ie0TEXHUYECKOH
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P. Illeren6aeBa, E. becumbaes, A. lllagkaMm, C. Huetr6am

CelCMOU30JISILUMU B BUJie TPYHTOBBIX NOAYIIEK, OCHOBAaHUS U HAJ3eMHOM 4YaCTH COOPYXKEHHUS C
1eJIbI0 NMOBBILIEHUSI HAZEXKHOCTU U YCTOMYUBOCTH 3/laHUM, PACIOJIO)KEHHBIX B CEMCMOOTACHBIX
parioHax. llesbl0 uccaefOBaHUA SIBJASETCS YHCJEHHOE MOJeJMpPOBaHUE CEUCMHUYECKOH
Ha/I€>KHOCTHU 3/JaHUM C FeOTEXHUYECKOW CeCMOHU30JIsliMel B BU/Jie TPYHTOBBIX OAYIIEK, a TAKXKe
BEPOSITHOCTHAS OlLleHKa yBesindeHus JedopMal Uil OCHOBaHUS U JUHAMHUYECKUX XapaKTepPUCTHUK
3/laHUsl TpU 3eMJIeTPSAICEHUSIX 3aZJaHHOM HHTEHCUBHOCTU. B paboTe wuccienoBaHa
3P PeKTUBHOCTb CUCTEM CEMCMOHU30JISALIMU B BUJIe TPYHTOBBIX O/IylIEK, BbINOJHEHHBIX U3 N1ECKa,
1e6Hs, a TaKXe Mecka, apMUPOBAaHHOTO reoceTkod. OnpezesieHbl MOKa3aTeJd HaAEXKHOCTHU MO
0Cajike OCHOBAaHMs, a TaK)Xe BEPOSTHOCTHU NPEBBIIIEHUS AONYCTUMbIX YCKOPEHHWH Ha ypOBHE
byHIaMeHTa M B BepxXHeW 4acTW 3/JaHus. Pe3ysbTaThl aHaiv3a MOKasalu, YTO MpPUMEHeHUE
reoTexHuyeckom cericmon3soisauu (GSI) NpUBOAUT K CHUXKEHUIO TOPU30HTA/IbHBIX YCKOPEHU U Ha
ypOBHE MOJAOIIBHLI pyHIaMeHTa U B BEpXHEN TOUYKe 3[jlaHUs puMepHO Ha 16 %. BeposiTHOCcTHas
OlleHKa MO0Ka3aJia, YTO BepPOSATHOCTb MpeBbIIIeHUs JONYCTUMOr0 yCKOPEHUs B BepXHEW 4acTHu
3faHus cHmxkaetcs ¢ 27 % 1o 7,84 %, npu aToM Ko3pPULMEeHT HAJIEXKHOCTH Bo3pacTaeT o Bat =
1,42 (yBesnnyeHne Ha 73 %). IlosydyeHHBble pe3yabTaTbl NOATBEPXKJAT BbICOKYIO
3QPEeKTUBHOCTD TEOTEXHUYECKOW CeWCMOU30JISILMU B BHJle TPYHTOBbIX MNOAYIIEK U
0060CHOBBIBAIOT BO3MOXXHOCTb €€ NpPUMEHEHUs1 B COBPEMEHHOW HMH>XeHEpPHON NpaKTHKe Kak
JOCTYIHOT 0, HAIEXKHOTO U aIalTUBHOTO METO/ja CHMXKEHUS CEMCMUYECKHUX PUCKOB.

Kiwo4yeBble cj0Ba: celicCMHUYecKuMe BO3JEWCTBHUS, TPYHTbl, HMCKYCCTBEHHOE OCHOBaHME,
aKceJieporpaMMbl, IUHAMUYECKUN OTKJIMK 3/IaHUU, CHUXKEHUE YCKOPEHHUS.
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AHHOTauMa. B f[aHHOM cTaTbe HCCAEAYIOTCA MEXAYHApOAHbIM OMNBIT U
COBpeMeHHble TeHJeHIIMH NPOEKTUPOBAHUA YHHUBEPCUTETCKHUX KaMIIyCOB,
aKLleHTUpys BHUMaHHe Ha NpUHIUNaX GOPMUPOBAHUS WHHOBALLMOHHBIX U
MHOT0QYHKIIMOHAJIbHBIX 00pa3oBaTe/IbHbIX NPOCTPaHCTB. Oco60e BHUMaHUe
yaesseTca TpaHCGOpMaLUM YHUBEPCUTETCKUX TEPPUTOPHUU B KOMILJIEKCHbIE
Hay4HO-06pa3oBaTe/ibHble 3KOCUCTEMBI, 00’ beAUHAOINE 00pa30BaTe/bHYIO,
UCC/1e/l0BaTeJIbCKYIO, COLIMAJIbHYI0 % 0011leCTBEHHYIO byHKL MM,
[IpoaHany3upoBaHbl NMpPUMeEpPbl BeAYLIMX MHPOBBIX KAaMIIyCOB, TaKUX Kak
llentp /[lxeiimca X. Kiapka B CraHdopae, HHXKeHepHBIA KOMIJIEKC
['apBapackoro ynusepcuteta B OsictoHe, kamnyc CREATE B Cunranype, CJ
Blossom Park B H0:xHo0# Kopee 1 CKOJTKOBCKMUM MHCTUTYT HAYKU U TEXHOJIOTUN
B Poccun. PaccmoTpeHbl K/lOYeBble  apXUTEKTYPHO-IIJIAHUPOBOYHBIE
pelieHus, obecrneyuBawIe IPOCTPAHCTBEHHYIO TMOKOCTH,
MEXAUCLUIJIMHAPHOCTb, YCTOMYMBOCTb W HHTErpayuil0 KaMIyCOB B
ropofckyro cpeny. Ocoboe BHHMaHMe yjessdeTcd (GOPMHUPOBAHUIO
0011 eCTBEHHbBIX IPOCTPAHCTB, CTUMYJINPYIOLINAX KOMMYHUKALMIO,
COBMECTHYI0 paboTy U HaydHOe B3aUMOJEeWCTBUE MEXAY NpeJCTaBUTENAMU
pas/JIM4YHbIX oOOJslacTell 3HAaHUW. BbIABJIEHbl CcOBpeMeHHble MOJeJH
OpraHvM3alMd  KaMIYCHBbIX INPOCTPAHCTB, BKJYAWILUe  OTKpPBITHIE,
aJlaiTUBHble M 3JKOJIOTHUYHble pelleHUdA. Pe3dynbTaThl uccae0BaHUA
JleMOHCTPUPYIOT HeOo6X0JUMOCTh nepexona oT TpPaZULIMOHHBIX
MOHOQYHKLMOHA/NbHBIX CTPYKTYp K JAWHAMUYHBIM U HUHTErPUPOBAHHBIM
KaMIyCHbIM 3KOCHCTEMaM, YTO SIBJSETCH aKTyaJIbHbIM [/ apXUTEKTYpHO-
rpaloCTPOUTE/IbHOIO pPa3BUTHA yHUBepcUTeTOoB KazaxcTaHa B KOHTEKCTE
r7100a/1bHBIX 06pa30BaTebHbIX U HAYYHbBIX BbI30BOB.

Kinwoyesbie CJIOBa: apXUTEKTYDPa, YHUBEPCUTETCKHUE KaMIyChl,
NPOCTPAHCTBEHHAsl OpraHU3alusi, TMOKOCTb, yCTOWYUBOCTb, UHHOBAIMHU.
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BBegeHue

CoBpeMeHHble yHHUBEPCUTETCKHE KaMIlycbl BO BCeM MHUpe TpaHCPOPMHUPYIOTCA B
MHOroQyHKLMOHA/TIbHblE, WHHOBAlUOHHbIE U COLMAJIbHO OPHUEHTHpPOBAHHbIe MPOCTPAHCTBA,
MHTerpUpOBaHHbIE B TOPOJCKYIO TKaHb U 06eclieduBarolLide He TOJIbKO 00pa3oBaTe/bHbIE, HO U
Hay4Hble, TEXHOJIOTUYECKHE, KYJbTYpHble U MNpeAlpUHUMATESbCKUE QYHKUUHU. ITO yXKe He
IpOCTO Yy4yeOHble KoOpmyca C OOLIeXHUTHUAMH, a CJAOXKHBbIe 3KOCHUCTeMbl, (opMuUpyloLire
KpeaTHBHYIO cpefy JJi CTYJeHTOB, IpenojaBaTesed, HUcCAeloBaTesleld U NpeJCTaBUTeJeN
MHAYCTpUH. KaMmychbl CTaHOBSITCA KJIIOUEBBIMH TOYKAaMH pPOCTA HAa TEPPUTOPUHM TOpPO/Ja,
CTUMYJINPYS pa3BUTHE HayKH, 00pa30BaHUA U IKOHOMUKHU 3HaHUH [1].

[Ipo6saeMa, ¢ koTOpol cTankuBaeTcss KasaxcraH, 3ak/o4aeTcss B TOM, YTO MNOJaBJsIoLIee
OOJIBIIMHCTBO YHUBEPCUTETCKON HHPPACTPYKTypbl 6bLI0 CHOPMHUPOBAHO B MEpPUOJ, KOrza
ApXUTEKTYPHO-IIJIAHUPOBOYHbIE peLIeHUs OCHOBBIBAJWCb Ha MPUHLMUIAX 3aMKHYTHIX,
MOHOQYHKLMOHA/TbHBIX MPOCTPAHCTB. ITU NPUHLHUIBI NpenoJaraju KeCcTKY0 HepapXUuHyIo
CTPYKTYPY KaMIyCOB, OPHUEHTHUPOBAHHYI0 UCK/IIOYUTENbHO Ha yYeOHbIM Npouecc 6e3 J0KHOTO0
BHUMAaHUS K UHTEerpaluy c TOpOJCKOM cpeiol, [UPPOBBIM TEXHOJOTUAM, MEXAUCLUIIIMHAPHBIM
dopMaTaM 00y4yeHHs] M THUOKOCTH mnpocTpaHCTB [2]. Takag Mojenb yXe He OTBevyaeT
COBpeMeHHBbIM 00pa3oBaTeJbHbIM M Hay4YHbIM 3alpocaM U CYyLeCTBEHHO OrpaHUYMUBaET
MOTEeHI 1A/l pa3BUTHSI YHUBEPCUTETOB.

B ycnoBUSIX CTpEMHUTE/NbLHOTO pa3BUTHUS TEXHOJIOTHMH, LUPpPOBU3ALMU 0O6pa30BaHUS,
BHeJ[peHHs1 HOBbIX GpOpMAaTOB B3aUMOJENCTBUA U MyJbTUAUCLUUIJIMHAPHOTO MOJX0/a, BCTAET
ocTpasi He06X0IUMOCThb B IlepecMOTpe NPUHIUINOB GOPMUPOBAHUS aPXUTEKTYPHON KOHLENIUU
YHUBEPCUTETCKUX KaMnycoB B KazaxctaHe [3,4]. CerogHs1 yHUBEPCUTETHI HE MOTYT OCTaBaTbCs
M30JIMPOBAaHHBIMU UHCTUTYTaMU. OHU JJOJDKHBI CTaTh OTKPBITHIMH, IMHAMUYHBIMU U TUOKUMU
IPOCTPAHCTBAMH, CIOCOOGHBIMU GBICTPO aJANTHUPOBATBHCA K M3MEHEHUSIM B 06pa3oBaTeIbHOU
cpeze YU HAy4YHOU MOBECTKE.

AKTya/JbHOCTb HMCCJI€/IOBaHUs OlpeJiesisieTcsI HeoOXOAMMOCTbIO (GOpPMHUpPOBAaHUA B
KazaxcTaHe HOBBIX apXUMTEKTYPHbIX NPHUHIIMIIOB, COOTBETCTBYIOIIUX MHUPOBBIM CTaHJApTaM
Ka4yeCcTBa, UHHOBALLMOHHOCTH W YCTOWYMBOCTHU. [l Ka3aXCTaHCKUX MEramnoJIMCOB OCOOGEHHO
BA)KHO C03/]aBaTh KaMITyChl, KOTOPbIE HE TOJIbKO MO/I1ePKUBAIOT BEICOKUH YPOBEHb 06pa30BaHUs
M HAyKM, HO U CTAHOBATCA YaCTbI0 TOPOJCKOro JaHAwadTa, MOBbIIIAA €ro KayecTBO U
GYHKIMOHANBHOCTD. [Ipy 3TOM HEO6X0IUMO YYUTHIBATh 0COGEHHOCTH COLMAbHO-KYJIbTYPHOTO
KOHTEKCTa, KJIMMaTU4YeCKHe YCJI0BUS, TPAZJOCTPOUTEIbHYIO CTPYKTYPY U CTPATeru4yecKue 1esu
pa3BUTHSA BbICLIET0 06pa30BaHUs B CTPaHe.

llenb cTtaThu - uCCAEOBaTh NepefloBOM MEXAYHAPOJHbIM ONbIT NPOEKTUPOBAHUS U
COBpeMeHHble TeH/JEeHIMU MPOEeKTUPOBAHUS YHHBEPCUTETCKHUX KaMIyCOB, a TaKXXe BbISIBUTH
KJII0YeBble apXUTEKTYpHble NPUHIMIbI U MOJXO0Jbl, ONpeJjessllle HX YCIEeIHOCTb HU
aAKTYaJIbHOCTb B KOHTEKCTE Pa3BUTHS COBpeMeHHON 06pa30BaTe/IbHOU Cpe/ibl.

J1s  JOCTHKEeHUs] TOCTaBJE€HHOW LieJld HeoO0XOAMMO pellUThb cjaefylolide 3ajadu
HUCC/IeAOBAHUSA:

1. PaccMOTpeTb CylecTBYIOIIME MeX/IyHapOo/AHble MO/eJIM YHUBEPCUTETCKUX KaMIIyCOB U
IPOBECTU UX CPAaBHUTEJIbHBIN aHAJIN3.

2. BbIAIBUTH KJIIOUEBble aPXUTEKTYPHbIE TEHJEHI[UU U IPUHIUIIBI GOPMUPOBAHUS
COBpEMEHHBIX KaMIyCOB.

3. U3y4uTh coBpeMeHHbIe MeX/IyHapOoAHble CTAaHJAAPThI U MPECTHKHbIE apXUTEKTYPHbIE
peMUH, XapaKTepHU3yIolye yClellHble KaMITYChI.

4. TlpoaHanM3upoBaTh HauboJIee yAauHble IPUMepPbl IPOEKTUPOBAHUS YHUBEPCUTETCKUX
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KaMIIyCOB B aClleKTaX T'MOKOCTY NPOCTPAHCTBA, 9HepProapPpeKTUBHOCTH, [UPPOBU3ALUU
COLMa/IbHOW MHTEerpalyH.

5. 06061UTh [TOJIy4YeHHbIe JaHHbIe U ONpe/le/IMTh OCHOBHbIE HAallpaBJIeHUs U ePCIeKTHBBI
pa3BUTHSA apXUTEKTYPbl YHUBEPCUTETCKUX KaMILyCOB B MUPOBOM IIPaKTHKEe.

JlaHHasg cTaTbsl OpUEHTHUpPOBaHa Ha 0000lLieHMe U CUCTeMaTU3alMI0 aKTYyaJbHbIX
apXUTEKTYPHBIX NO/AX0/I0B K GOPMUPOBAHUIO YHUBEPCUTETCKUX KaMIlyCOB HOBOI'O OKOJIEHUS,
KOTOpbIe CIOCOOHBI CTaTb TOYKaMM pOCTa [JJs 00pa30oBaTeJbHOW M HAy4HOW CHUCTEMBI
Kazaxcrtana B XXI Beke. KoHeuHble BBIBO/IbI CTaTbU MOTYT OBbITh I10JI€3HBI B KAYeCTBE OPHEHTHPA
Ipyu OOCYyXJEeHHWHU TOJAXOJ0B K IPOEKTUPOBAHHWIO HOBBIX KaMIyCOB, PEKOHCTPYKLHUHU
CYLeCTBYIOIIUX 00'bEKTOB U pOPMHUPOBAHUU apXUTEKTYPHO-TPAZLOCTPOUTENBbHBIX CTPAaTErui B
cdepe BbICIIEr0 0Opa30BaHUS.

MeTogos0orus

B faHHOW cTaTbe ObLI NpOBeEH 0630p YHUBEPCUTETCKUX KaMIyCOB, PACIOJI0KEHHbIX B
pasauyHbix reorpaduueckux pervoHax (CIIA, EBpoma u A3us), C 1eJibl0 BbISIBJIE€HHUS
COBpEMEHHBIX  apXUTEKTypHbIX W  IJIAHUPOBOYHBIX  MOAXOJO0B,  COOTBETCTBYIOIIUX
MEeX/AYHapoJAHbIM CTaHJapTaM. MeTomo/0ruyecKkass OCHOBA MCCAeJOBaHUSA CTpPOWJACh Ha
BCECTOPOHHEM OHJIAaMH-aHa/Iu3e U 0T60pe KaMIyCOB, OJYYMBIINX MEX/AYHApOAHOEe IPU3HAHKE
Y apXUTEKTYpHble Harpa/pbl.

1. AHanu3 ry06anbHbIX MoJiesiell U Kaaccudukalnuii kamnycoB. Ha mepBoM 3Tame 6bLIx
paccMOTpeHBI CYLeCTBYIOLME TUIIb], MOJIe/IM U KJacCUuPUKALMU KaMIlyCcoB, ChOPMUPOBaBLIHECS
B MHUpPOBOM NpaKTHKe. JTO IMO3BOJIMJIO OYEPTUTH OOLlee MNpeJCcTaBJeHUe O pa3HOOOpasuu
IPOCTPAHCTBEHHBIX pEIIEeHUM, CTelNeHW aBTOHOMHOCTH, THMAX 3aCTpPoMKU U ¢dopMax
B3aUMO/J€EMICTBUS KaMIIyCOB C TOPOJACKON cpeaoil. B aHasu3 BK/OYEeHbl aHIJIOCAKCOHCKaf,
KOHTHWHEHTAaJ/IbHAsl, aMepUKaHCKas, a3uaTcKasd M CIYTHUKOBas MOJeJH, Kax/Jas U3 KOTOPbIX
WJJIIOCTPUPYET CBOM MOJAXO0/ K apXUTEKTYPHOUM OpraHr3alii yHUBEPCUTETCKOM Cpe/ibl.

2. ®opMupoBaHHe BBIOOPKHU KaMIIyCOB Ha OCHOBE MeX/JyHAapOJHOTro Npu3HaHUs. Bbibop
KaMIIyCOB OCYLIECTBJISIICI HA OCHOBE MEX/yHapOJHOIo NMPU3HAHUSA, NOJYYEHHOr0 B paMKax
NPECTUXKHBIX aPXUTEKTYPHBIX MPEMUN U TPOodeCCHOHANbHBIX PEUTUHTOB. B KauecTBe OCHOBHbIX
OPUEHTHUPOB HCIOJb30BAJIUCH:

-llpemus "Jlabopatopus roaa" no crangaptaMm SEFA (Scientific Equipment and Furniture
Association), oueHuBawulasgd HWHHOBAlMM B MPOEKTHUPOBAaHUM Hay4YHO-00pa30BaTeJbHbIX
JlabopaTtopu# [5];

-ApxuTekTypHass mnpemus Prix Versailles, npucyxjgaemMas o6bekTaM 3a Bbljaroleecs
apXHWTEKTYypPHOE KaueCTBO, 3CTETHUKY U COLlMaIbHY0 3HAYMMOCTh [6];

-/laHHble BeAylIUX NpoPecCHMOHa/bHbIX MJIAaTPOPM U PEeUTUHrOB, Takux Kak World
Architecture Festival, RIBA, AIA, Ul GreenMetric u gpyrue. Onopa Ha 3TH pecypchbl M0O3BOJIKAIA
0TO6paTh KAMIYChl, OTPaXKalol[le COBpeMeHHble apXUTEeKTYPHbIE N10/1X0/bl, BbICOKHE CTaHJapThl
YCTOMYMBOCTH, KOMPOPTHOCTHU U GYHKIIMOHAJTBHOTO 30HUPOBAHHUS.

3. HsydyeHue mnpodeccHOHaTbHbIX HCTOYHUKOB M 3KCIEPTHBIX 0630poB. B pamkax
UCCae/loBaHUSl ObLIM MpOaHAJU3UPOBaHbl MaTepuasbl NpPodecCUOHANbHbIX MNyOJMKALUH,
AHAJIMTUYECKUX O6O30pOB U pelleH3UH, ONMyOJMKOBAaHHBIX Ha BeJyIIUX MeX/IYHApPOIHbIX
mwiatpopmax. Mcnosb3oBaiuch MaTepuasibl TaKUX MCTOYHUKOB, Kak ArchDaily, DesignBoom,
Dezeen, a TakXXe aHaJIMTHYeCcKHe JaHHble peiTuHra QS Best Student Cities u ucciemoBanuit Ul
GreenMetric. JTo o06ecne4yusio BCECTOPOHHEE TMOHMMAaHUE COBPEMEHHBIX TeHJEeHLUUHW B
NPOEKTUPOBAHUU KaMIIyCHBIX IPOCTPAHCTB U MO3BOJIMJIO COOTHECTU APXUTEKTYPHbIE PELIEHHS C
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KpPUTEPUSAMU KauecTBa 00pa30BaTebHOU Cpe/ibl, yCTOMYUBOCTU U MHHOBALMOHHOCTH.

Takoil mojaxoxA Jan BO3MOXXHOCTb CHUCTEMATU3UPOBATh Jy4yllMe MHUPOBble NPAKTUKU M
BbIIEJIATb ~ OCHOBHble  aApPXWTEKTYpHble NPHUHLMUIB], NpPHUMEHUMble B COBPEMEHHOM
IPOEKTUPOBAHUHM YHUBEPCUTETCKUX KaMIyCOB.

OrpaHu4eHus UCCleL0BAHUA
[Ipy aHa/M3e MHUPOBBIX AHAJIOTOB YHHBEPCUTETCKHUX KaMIyCOB C TOYKM 3peHHUS NPHUHIMIIOB
bOpMHUpPOBaHUA aApPXUTEKTYPHOTO NPOCTPAHCTBA W apXUTEKTYPHOM UJeu HeobX0AUMO
YYUTBIBATD PsiJ, OTPAaHUYEHUH, BJUAIOIIMX HA UHTEePIpeTal o pe3yJbTaTOB:

OrpaHM4eHHOCTb [JOCTyna K I[epBUYHBIM HCTOYHUKAM. B paMmkax oOHJaiiH-aHa/IM3a
MCI0JIb30BAJIMCh OTKpPBITble MCTOYHUKH, TakMe KaK OQHUILMaJbHble CAalTbl YHUBEPCHUTETOB,
ny6JIMKaLU B IPOPUIIbHBIX U3aHUAX U 0030pbl NPOEKTOB. OTCYTCTBHE BO3MOXKHOCTH IPSAMOT0O
B3aMMO/JIEMCTBUSA C aBTOpPAaMM IPOEKTOB WM (U3MYECKOTO0 NPUCYTCTBUSA HA TEPPUTOPHUHU
KaMIlyCOB OrpaHWYMBaeT IJIyOMHY aHa/M3a U BOCIPUATHE apXUTEKTYPHOI'O NMPOCTPAHCTBA B
peasibHOM KOHTEKCTe.

HeosHopoaHOCTb Npe/cTaB/AeHHbIX AJaHHBIX. 06'beM U CTeNeHb JleTalu3aluyd MHPopMaLuu
0 KOHLeNUHAX U apXUTEKTYPHBIX pelleHUAX BapbUPYIOTCA OT MPOEKTAa K MPOEKTY, YTO MOXKET
co3/laBaThb JHUCOAIAaHC B CPABHEHWU KaMIIyCOB U BJMATH Ha OJIHOTY aHa/IM3a.

Ky/nbTypHO-KOHTEKCTya/lbHble  pa3/u4us. ApXUTEKTypHble pellleHHWs, [pU3HAHHbIE
yCIelIHbIMU B OJHOM COLIMOKYJIbTYPHOM M KJIMMaTU4YECKOM KOHTEKCTe, He BCerJa MOryT ObITh
HelnocpeACTBEHHO NepeHeceHbl B ycjoBus KasaxcTraHa 6e3 ajanTayyu. JTO OrpaHUYMBaeT
NpPAMYI0 IPUMEHUMOCTD BbISIBJIEHHBIX IPUHIIUIIOB.

YKa3aHHble OrpaHWYeHUs NOJYEPKHMBAKOT HEOOXOAUMOCTb JaJibHeHluxX, 6OoJiee
KOMIIJIEKCHBIX MCCJeJJOBaHUM, BKJIOYAIOUIMX, NIPU BO3MOXKHOCTH, IOJIEBble HCC/AeJOBaHUA U
npodeccruoHalbHble MHTEPBBIO, a TAKXKe YIJIyOJEHHBIM CPAaBHUTE/BHBIN aHA/IU3, YYUTHIBAIOLUH
HallMOHa/JIbHble OCOGEHHOCTU apXUTEKTYPHOTO IMPOEKTUPOBaHUs B cdepe BbICLIETO
06pa3oBaHUsl.

1. AHanu3 rio6anbHbIX MoZiesiell U KiaccuUKalMil KaMIyCOB.

Ha mexayHapoZHOM apeHe CylleCTBYeT LieJIbli pAJ, MOJeJied YHUBEPCUTETCKUX KaMIIyCOB,
OTJIMYAKOLIMXCA 110 CBOEMY YCTPOUCTBY, MaciiTabaM, CTelleHu aBTOHOMHOCTH, B3aUMO/|€eICTBHUIO
C ropo/ioM U 06pa3oBaTesibHOM noauTUKe [7]. Cpeiu HUX MOXKHO BbI/|€/TUTD:

e AHIVIMUCKYI0 MOJeJb, TIJle YHUBEPCUTET U >KUJble KOJUJIePKM 00pasyloT eJUuHYI0
NPOCTPAHCTBEHHYIO U colpaibHylo cucteMy (Oxkcdopa, Kembpuix).

e  ®paHuy3cKy MoJjesb, IPU KOTOPOH YHUBEPCUTET pacroJiaraeTcsi B rOpoJCKOM cpejie, a
CTYyZ,eHThI IPOKMBAIOT BHe KaMnyca (CopboHHa).

e AMEpHUKaHCKyKd MoOJieJib, OPHUEHTUPOBAHHYI Ha  BbICOKOPA3BUTYK  Hay4yHO-
MCC/e[0BaTe/IbCKYI0 U TeXHOJIOTHYecKyto HHPpacTpykTypy (Tapsapg, Hesn).

e lOro-BocTouHyl MOJeJib, pealu3yolyocsl B GOopMe YHUBEPCUTETCKUX KOpIOpaLui C
TEPPUTOPUAIbHBIM €JUHCTBOM U KOollepalueld MexAy aBTOHOMHbIMU KaMmnycamu (CuHramyp,
Kopes, Kurait) [7].

e CnyTHUKOBYH MOJeJb, NpeJloJaramlily pasMelleHue KaMmIlyca B NPUropofie, Kak
OT/ieJIbHOTO PpuMasia roJoBHOro yHuBepcuTteTa (KanupopHuiickuil yHuBepcuteT B Mepcese).

[lomrMo reorpaduyeckux W  KyJbTYpPHbIX pasJM4Ui, KaMIyCcbl MOTYT OBIThb
K1accuGUIUPOBaHbl M0 HECKOJIbKMM KJ/IOYEBbIM MapaMeTpaM: Mo TUNy (MUcciiefoBaTesbCKUE,
KOpHOpaTUBHblE, y4yeOHble, TUOpPUAHBIE), MO MacwTaby (OT eAUMHUYHBIX 3JaHUNA [0
MHOTOKOMIIOHEHTHBIX TEPPUTOPHAJIbHBIX KJIACTEPOB), [10 XapaKTepy pasMelleHus (TopoJcKue U
3aropo/iHble), 1O HampaBJeHUI0 JeATeJbHOCTH (HmpuUKIafHble, ¢$YyHAaMeHTa/lbHbIE,
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MyJbTUAUCHUIIMHAPHBIE) [8]. Takasg THUMos0THS MO3BOJISIET BBIABUTb apXUTEKTYPHbIE WU
rpaJloCTPOUTE/IbHbIE  TNPUHLUIBI,  COOTBETCTBYHOLIME  COBPEMEHHBIM  TpebOBaHUAM
06pa3oBaTeJIbHOU Cpe/ibl, ¥ ONIpeeIUTh NOTEHIMa/l UX IPUMEHEHUS B pa3/IMYHbIX KOHTEKCTAaX.

1l Ka3aXCTaHCKOTO KOHTEKCTA 0COObIM MHTEepeC MpeCTaB/seT UHTErPAaTUBHbIN MOAX0/,
npeAnoJiaralliui coueTaHUe HEeCKOJIbKUX MoJeJied — KaMIyC KaK MHOrOQYHKIMOHAJbHOE,
OTKPBITOE U TEXHOJIOTUYHOE IPOCTPAHCTBO, OPraHWUYHO BCTPOEHHOE B CTPYKTYPY ropoza. Takou
N0JX0J, 0COOEHHO aKTyaJleH [Js1 KPYNHBbIX TOpOJIOB CTpPaHbl, TAKUX Kak AcTaHa, AJMaThl U
IlIbIMKeHT, rfie YHUBEPCHUTETbl MOTYyT CTaTh 4YaCTbl0 HAyYHO-MHHOBAIMOHHBIX KJACTEPOB,
00 beJMHAIIUX 00pa30oBaTe/IbHbIe yUPEXAEHUS, UCCIeloBaTeNbCKUE LeHTPbl, CTapTan-xabbl U
WH/yCTPUA/JIbHbIX NapTHEPoB [9]. OAHako mpexAe 4YeM MepexoJuTb K aJanTalUyd TaKUX
pelleHu, He06X0JUMO KOMIIJIEKCHO U3yYUTh MUPOBOH OIBIT, BLIIBUTh yCTOUYMBBIE TEH/€HLIUN
1 cGOpMHUPOBATh APXUTEKTYPHOE MOHMMaHHUE KJIKYEBbIX IPUHIUIIOB MIPOEKTUPOBAHUS.

2. llpuMepsl BeAyLIMX YHUBEPCUTETCKUX KaMIIyCOB C MeX/AYHAPOAHbIM IPU3HAHHUEM

LenTp Jxeiimca X. Knapka, Ctandopackuit ynuBepcuteT, CTaHdopa, Kanudopuus (James H.
Clark Center, Stanford University, Stanford, CA) (Puc. 1)

3aka34yuK - YHuBepcuteT CTandopa

ApxutekTop-au3sanHep - Foster+Partners

Mnomwazab 22 760 m?

['og peanuzayuu 2003 r.

Pucynok 1. Lentp [Jxeiimca X. Knapka, Ctandopackuit yuusepcuret, CTandop/,
KanudopHus

Hentp /[xetimca X. Kimapka npu CT3HOOpPACKOM YHUBEPCUTETE, CIPOEKTHPOBAHHBIN
apxuTeKTypHbIM 610po Foster + Partners B corpyaHudectBe ¢ MBT Architecture, npegcraBisieT
coboii 06paser;, COBpeMeHHOr0 Hay4YHO-UCCIe0BaTEIbCKOI0 KOMILJIEKCA, OPUEHTUPOBAHHOTO Ha
MEX/IUCUUIIJIMHApHOe B3auMMOJIeCTBHE M THOKOCTh NPOCTPAHCTBEHHOM opraHusanuu [10].
OCHOBHOM 11€JIbl0 apXUTEKTOPOB ObLJIO CO3/aHUE CpeJibl, CIOCOOCTBYIOLIEN B3aUMOJENCTBHUIO
MeXJy YYEHbIMU pPa3/IMYHbIX AUCLUIJIMH. 3[JaHUE COCTOUT U3 TPEX KPbLIbEB, 00pa3yHOIIUX
BHYTPEHHUH JBOP C KPYIJION CLeHOM /11 MEPOINIPUATUH, II0J, KOTOPOU paCIOIOKeH KPYTJ/IbIN
amMmouTeaTp Ha 150 MecT ¢ perysimpyeMbIM OCBelLeHHUEM.
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[Ilpo3payHble CTeHbI, MOCTUKHU MEX/Jy KpbLIbSIMH, OTKpPbIThblE€ JIECTHULIBI W 6aJIKOHBI
$GOpMUPYIOT OTKPBITOE NPOCTPAHCTBO U CIOCOOCTBYIOT BU3ya/lbHOM CBI3aHHOCTH POCTPAHCTB.
B oTsin4ue OT TpaAMLIMOHHBIX J1IaO0OPaTOPHBIX 3JJaHUH C 3aKPBITBIMU Kopuaopamy, LlenTp Knapka
npejJsaraeT OTKpbITble 6aJIKOHbI BMECTO BHYTPEHHUX KOPUJ0POB, a IIJIAHMPOBKA JIabopaToOpUit
MOXeT OBbITb JIeTKO H3MeHeHa 06JsiarojapsA MOOWJIbHBIM pabOYUM CTAaHLUMAM U THOKUM
VHXXEHepPHbIM CHUCTeMaM, 4YTO [03BOJIIeT OBICTPO aJanTUPOBAaTbCd K MeEHAWIUMCA
MCCJ1e/l0BaTeIbCKUM IOTPEOHOCTSM.

llenTp npegocTaB/isieT JlabopaTOpHble, OQUCHbIE U COLHaJIbHble MpocTpaHcTBa A 700
COTPYAHUKOB U3 23 pasM4HbIX PaKy/JIbTeTOB yHUBepcUuTeTa. OH cTpaTeruyecky pacroJioXKeH
MeX/y OCHOBHBIMM 3/1aHUSIMHU HayKU U WHXXEHEPUU U MeJULMHCKUM LeHTPOM, AeUCTBYS KakK
COUMaJbHbIA MarHuT JJigd yHUBEpPCUTETa U TMOoOoLpsAsd B3aMMOAEUCTBUE CTYAEHTOB,
npenojaBaTesed U Mccae0BaTesell U3 pa3HbIX JUCLHUIJIKH.

[apBapAckuil YHUBepCUTET U HHKeHepHbI KoMmiuiekc, OJsictoH, Maccauycetrc (Harvard
University and Engineering Complex, Allston, MA) (Puc. 2)3aka34uk - [apBap/iCKUi1 YHUBEpPCUTET,
Bocron, ApxutekTop-ausaiinep - Behnisch Architekten, Ilnomazas 50 540 m? Tog peanusanuu
2021r.

['apBap/ickuil Hay4yHO-UHXKeHepHbI KoMIieKc (Science and Engineering Complex, SEC) B
OJicToHe, cnpoeKkTHpoBaHHbIA 610po Behnisch Architekten, npejcraBisieT cob6oi mepesoBoe
obpa3oBaTes/ibHOe 3/aHUe, COYeTawllee HWHHOBALMOHHbIEe AapXUTEKTYpHble pelleHUs C
NpUHLUIAMH yCTOMYUBOIO pa3BuTus [11].

PrcyHok 2. 'apBap/ACKMi YHUBEPCUTET U MHXKeHEPHBIN KoMIieKc, OJicToH, MaccadyceTtc

SEC 3agymaH kak rubkoe W  aJJalTUBHOE MPOCTPAHCTBO, CIOCOOCTBYyMHOIEE
MEXHCIUIJIMHAPHOMY B3aWMOJENCTBUIO. APXHUTEKTOPbI CO3JaJii OTKPBITYI0 MJIAHHUPOBKY C
[eHTPaJIbHbIM aTPHUYMOM, OObeJUHSAIOIIUM pa3JHWYHble YPOBHHU 3/laHUS U 06ecreyrBaoIUM
eCTeCTBEHHOEe OCBellleHhe BHYTPEHHUX MPOCTPAHCTB. Mcnosib30BaHUe Mpo3payHbIX pacasioB U
BHYTPEHHUX T[EPEroposioK CIOCOOGCTByeT BU3yaJibHOM CBSI3aHHOCTU U CTUMYJIHpYeET
COTPY/IHUUYECTBO MEX/1Y CTyZ,eHTaMU U NpenojaBaTessIMHU.

Oco60e BHMMaHUe y/ieJIeHO YCTOWYUBOCTH: 3/laHHEe OCHAILlEHO CUCTeMOM cbopa J0XK/eBOU
BO/Ibl, COJIHEYHbIMHU TNaHeJsIMA W WHHOBAIMOHHOM CUCTEMOW BEHTWJISLMU, YTO MO3BOJISIET
3HAYMTEJbHO CHU3UTh 3HEPromnoTpeb/ieHWe U YriaepofHbid cief. Pacaj BBINOJHEH U3
nepepaboOTaHHbIX MAaTEpPUAJIOB U OCHAIEH JUHAMUYECKHMH COJIHLE3AIMUTHBIMU 3JIeMEeHTaMH,
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peryJiMpyouMMu MOCTYIlJIEHWEe COJHEYHOTO CBeTa B 3aBUCMMOCTHU OT BpEMEHU CYTOK M
NOTrOAHBIX yca0BuM [11].

Komnuiekc BkJto4aeT B cebs:

e JlabopaTopuu [ INpOBeJleHWA HAy4YHBbIX HCCJIEJOBAaHUW B 00JIaCTU WHXXEHEpPHUHU U

NPUKJIaJHbIX HaYK.

e VY4yeOHble ayJUTOPUHU U KJIACCHI IJI IPOBe/ieHUs JIEKIIMH U CEMUHAPOB.

e [IpocTpaHcTBa [iJ11 COBMECTHOU paboOThI U 001eHUs CTYZeHTOB U NIpenojaBaTeJieil.

e Kade u 30HBI OTABIXa, CIOCOOCTBYOLIME HePOPMAIbHOMY B3aMMO/EH CTBUIO.

e OTKpBITBIE Teppackl U 3eJIéHble 30Hbl, MHTETPUPOBAaHHbIE B O0OLLYI0 CTPYKTYpPY 3/JaHHUA.

Takoe 30HHpOBaHMe obecnieyrMBaeT PYHKIMOHAIBbHYIO TMOKOCTD M alallTALUI0 K pa3/IMYHbIM
06pa3oBaTeJIbHBIM U UCC/Ie[0BAaTEJIbCKUM NOTPEOHOCTAM.

SEC mosiyyus1 BBICOKYIO OLIEHKY B NpPoQeCcCHOHaJbHOM COOOILlecTBe 3a WHHOBALMOHHBIN
N0AX0J, K IPOEKTHPOBAaHUIO MU YCTOMYMBOCTb. 3JlaHMe ObLIO YJOCTOEHO HEeCKOJbKUX
apXWTEKTYPHbIX HAarpa/, BKJIo4Yas NpYU3HaHUe 3a Jy4YlIMU YCTOMYMUBBIMA NPOeKT roaa. Kputuku
OTMevaloT FapMOHUYHOE COYeTaHHe 3CTETUKU U QYHKIIMOHAJIbHOCTH, a TAKXKe BKJIaJi KOMILJIeKca
B pa3BUTHe ropoAcKou cpezbl OJicTOHA.

Kamnyc nepenoBbix uccaenoBaHui U TexHoJsiorndeckux npeanpusatuid (CREATE - Campus for
Research Excellence and Technological Enterprise) (Puc. 3)

3aka3uuk - CHHranypCcKui HalMOHaJIbHbIN UCCJe[0BaTeJlbCKUN POHJ, ApXUTEKTOP-AU3anHep -
Perkins+Will, ITiomazs 65 032 m?, oy peanusanuu 2013 1.

PucyHok 3. Kamnyc nepezioBbIX UCC/IeJOBAHUN U TEXHOJIOTUYECKUX NIPEAIIPUATUN

Apxutexktopbl Perkins+Will paspa6oranu kamnyc CREATE c nesibio CTUMyJMpOBaHUS
MHHOBAIlMM M  B3aUMOJIEMCTBUS MeXJy VYEHbIMU U UHXKEHepaMHu U3  BeAyIlUX
HCC/IeIOBATENbCKUX HWHCTUTYTOB W YHUBEPCUTETOB MHpa. [IpoeKT BKJ/IWOYaeT TpH
Cpe/IHEe3TaXKHBIX 3/]JaHUS U OJHY BBICOKYIO GAIlIHIO, 00 beIJUHEHHBIE B €/JUHbIA KOMILJIEKC. 3/JaHHUSs
UMET Y3Kylo ¢GOopMy C pasMellleHHeM KOPHUJOPOB U MHXKEHEPHbIX KOMMYHUKALUW IO
nepuMeTpy, 4YTO obecrneyrBaeT MaKCUMaJibHOE€ €CTeCTBEHHOe OcCBellleHHWe U THOKOCTb
BHYTPEHHHUX NPOCTPAHCTB. YHUBEPCAJbHbIA MOAYJb N03BOJISIET pa3Mel|aTh Pa3iMyHble TUIIbI
JIJabopaTopuil — OT BBIYHUCIUTEJNbHBIX /10 OMOJIOTUYECKUX U XMMHYECKUX, a TakKe odHCHbIe
noMellleHus: BbICOKOTro KaudecTBa [12]. Ocoboe BHMMaHUEe yJieJleHO YCTOWYMBOCTH: 3JaHUSA
OCHAL[eHbl  yJYYUIEHHbBIMU OCTEKJIEHUSIMU JJI1 CHIWKEHUS COJIHEYHOrO  U3Jy4YeHWUs,
COJIHIIE3AIMTHBIMU  3JIEMEHTAMHW W aBTOMATUYECKMMH BHYTPEHHUMU KAIO3U  JJid
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MaKCHMMaJIbHOTO HCIOJIb30BaHUSI JTHEBHOTO CBETA M YMEHbLIEHUs TemJ0BOM Harpy3ku. Ha
dacazjax M KpbllIax YCTAaHOBJIEHbl COJIHEYHblE MaHeJU [Jis BbIPAaOOTKU 3JIEKTPOIHEPIHUHU.
3esiéHble caZbl Ha KpbILIaXx KW BePTHUKaJbHOe O3eJiIeHEHUe 00ecrneuyuBaloT eCcTeCTBEHHOoe
OXJIAXK/leHHe U CIOCOOCTBYIOT 3HEProcobepeKeHUIo.

UccnenoBatenbckuit UHCTUTYT Cu [xent Bioccom Ilapk, 10xxHasa Kopes (C] Blossom Park,
South Korea) (Puc.4)

3akas3uuk - Cu/lxxert Kopnopenuiy, [0xxnaa Kopesd, Apxutekrop-ausansep - CannonDesign

Mnowazab 111 485 m? l'op peanusanyu 2017 .
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Pucynok 4. UccnenoBaTenbckuit MHCTUTYT Cu ket Baioccom [apk

C] Blossom Park — 3TO HWHHOBALMOHHBIM HCCAEA0BATEJNbCKHM LIEeHTP KoMmnaHuu C]
Corporation, pacnosioxxeHHbli B ropoge CyBoH, lOxHass Kopes. [IpoekT 6bl1 paspaboTaH
apxUTeKTypHbIM 6t0po Yazdani Studio mpu CannonDesign B coTpyaHuyecTBe ¢ Heerim Architects
& Planners [13].

371aHue TpeAcTaBJseT COOOM TPU 3SJIMITHYECKHE OallHH, CUMBOJIM3WPYIOLIHE TpHU
OCHOBHBIX HamnpabseHUs JedaTesbHocTH C] Corporation: ¢apmaneBTHKYy, OMOTEXHOJIOTHUU U
NUIEBYI0 NMPOMBILIJIEHHOCTb. JTU 6GalllHU OObeJAWHEHbl LeHTPaJbHbIM aTPUyMOM, KOTOPBIU
CAYXXUAT TPOCTPAHCTBOM [/ B3aUMOJEMCTBMS U KOMMYHMKALUW MeXJy pas/IM4YHbIMHU
nozApas/ieseHusAMUA KoMnaHuu. Popma 6auieH BAOXHOBJIeHA joroTunoM CJ, cocToamuym U3 Tpéx
JIENEeCTKOB, UYTO MOJAYEPKUBAeT KOPINOPAaTUBHYI HJAEHTUYHOCTb U CTpeMJiIeHMe K TapMOHUU
MeX/ly pa3/IMYHbIMY HallpaBJeHUAMM Ou3Heca. lleHTpa/bHbIA aTpUYM coeJUHSAET NepBble NATh
Takeld Bcex TpEx OallleH, co3jaBasd oOllee NPOCTPAHCTBO JJi COTPYAHUKOB. B aTpuyme
pacrmoJioKeHbl pa3JjiMuHble 30HBI: Kade, pecTopaHbl, GUOJIMOTEKH, PUTHEC-LLEHTPbl U 30HBI
OT/IbIXa, YTO CIIOCOOCTBYeT HepOpMaJbHOMY OOILEHHUIO U OOMeHY UJIeIMU MeXAY COTPYAHUKAMU.
Takoi noxo CTUMYJIUPYET Kpocc-QYHKIMOHATbHOE COTPYAHUYECTBO U MHHOBALUH.

dacaapl GalleH BbINOJHEHbl M3 CTeKJa C MpPUMEHEHUeM J[IBOMHOW O0O6O0JIOUKU U
neppopUpPOBAHHBIX 3KPAaHOB, KOTOpble 00eCneYnBalOT eCTeCTBEHHOEe OCBellleHue BHYTPEHHHUX
IPOCTPAHCTB M CHWXKAIOT TEMJIOBYIO HArpysKy, Cloco6CTBYsl 3HeproadpPpeKTUBHOCTU 3/AaHUS.
BHyTpeHHHE J1abOpaTOPUU CHPOEKTUPOBAHBI C Y4ETOM MaKCUMaJbHOW TMOKOCTU: 060pyJOBaHUE
pa3MelleHO Ha MOOUJIBHBIX IJIaTPOpMax, 4YTO M03BOJISAET ObICTPO aJlalTUPOBATh IPOCTPAHCTBO
NO/1, pa3/IMYHble UCCJIeJOBaTelbCKUeE 3a/JauH.

YHUKa/IbHble 0COOEHHOCTH:
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e T'uGKOCTb J/1aGOPATOPHBIX MPOCTPAHCTB: MOOWJIbHbIE 3JIEMEHTbl UHTepbepa
M03BOJISIIOT OLICTPO epe0b0pyA0BaATh NOMEIEHHS 10/, HOBbIE POEKTHL.
o lleHTpa/JbHBIH aTPUYM: CJAYKUT He TOJbKO CBA3YIOIIMM D3JIEMEHTOM MEXIy
6alIHAMU, HO ¥ IPOCTPAHCTBOM /1151 OOILeHUS U OT/blXa COTPYAHUKOB.
e IJKOJIOTUYHOCTb: HUCNOJIb30BaHHE COBPEMEHHBIX TEXHOJIOTUM ¢acaZjoB U CUCTEM
BEHTUJISILLUM CHUKAET 9HepronoTpeb/ieHre U NoBbilIaeT KOMGOPT BHYTPU 3/jaHUS.
CKOJIKOBCKUU MHCTUTYT HayKH U TexHoJsioru# (Skolkovo Institute of Science and Technology)
(Puc.5)
3akKa34uK - CKOJIKOBCKMH MHCTUTYT HAayKH U TEXHOJIOTMH, ApXUTEKTOp-Au3anHep - Herzog &
de Meuron, Ilnomwazab 133 979 m?, Tox peanusanuu 2018 r.

-
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PucyHok 5. CKOJIKOBCKMHA HHCTUTYT HayKH U TEXHOJIOTUH

CKOMIKOBCKMM HHCTUTYT HayKUu U TexHosorud (CkoaTex) — 3TO COBpPEMEHHbIH
uccie0BaTeNbCKUM YHUBEPCUTET, PACIIOJIOXKEHHBI B UHHOBALLMOHHOM LieHTpe «CKOJIKOBO» MO/,
MockBoi. [IpoekT kaMmyca 66171 pa3paboTaH MBEHLIAPCKUM apXUTEKTYpPHBIM 610po Herzog & de
Meuron u peanuzoBaH B 2018 roay [14]. 3aaHue cTasio epBbIM IPOEKTOM 3TOro 610po B Poccuun
U MOJYYUJI0O MeXJYyHapoJHOe NMpU3HaHUe, B TOM 4ucJe npeMuto Prix Versailles B HomuHanuu
«Jlydminy ynuBepcuteTckni Kamnyc» B 2019 roay.

Kamnyc CkosnTexa mnpencTaB/isieT cCOO0M KOMILJIEKC M3 TPEX B3aMMOCBSI3aHHBIX KOJIELL:
BocTtouHoro, Aropbsl U 3anafHoro, o6pasywoIiux eJIUHYI0 CTPYKTypy AUaMeTpoM okosio 280
MeTpOB. BHyTpH 60J1bIIOr0 KOJIbIA PAaCHOJIOKeHbl MPSAMOYTOJIbHbIe KOPIyca, OpraHU30BaHHbIe
10 MOAYJIbHOM ceTKe 7x7 MeTpoB. Takas opraHnusanys NpocTpaHCTBa o6ecnieynBaeT rMOKOCTb U
aJlalTUBHOCTb BHYTPEHHUX NTOMellleHUH. lleHTpasbHbI{ ABOP, BUAUMBIN U3 60JIbIIMHCTBA TOYEK
KaMIlyca, CJIYKUT OCHOBHbIM MECTOM /[Jisl TNPOBeJEeHHUSl MepONpUSITHH U TOBCEJHEBHOTO
o6umeHusa. Kamnyc BkJtoyaeT B ce6s1 yueOHble ayJUTOPUH, J1JaOOpAaTOPUH, aMUHUCTPATHUBHbIE
NIOMeLeHHs, 30Hbl OT/bIXa U OOLIeCTBEHHbIE MPOCTPAHCTBA. YyebHble U a;MUHUCTPATUBHbIE
MIOMeEIleHUs] PacHoJIOXKEeHbl B KOJIbLEBBIX CTPYKTypaxX, a JJabopaTOPpUU — B MPSMOYTOJIbHBIX
6/10KaXx BHYTpPM KoJiblja. TeXHUYECKHe U JIOTUCTUYECKHe 30Hbl BbIHECEHbl Ha I0/|3€MHbIN
ypOBEHb, UYTO IMO03BOJISET MaKCHMMaJbHO MCIO0Jb30BaThb Ha3eMHOe MPOCTPAHCTBO JJIs
00pa3oBaTesJIbHbIX U HCCJe[0BaTeJbCKUX Leseil. @acajibl KOJbIEBbIX 3JJaHUN 0OJIMIIOBAaHbI
BepPTUKAJbHbIMU JI€PEBIHHBIMU JIaMeJISIMU U3 CUOMPCKOM JIMCTBEHHUIbI, KOTOPbIE PETYJIUPYIOT
NOCTYIlJIEHUWE JHEBHOrO CBETa U CO3JAI0T JAWHAMHUYHYH WUIPYy cBeTa UM TeHU. JlabopaTopHbIe
Kopmyca UMerT dacazbl U3 6esblX aJllOMUHHUEBBIX NaHeJeld, YTO NPUAAET UM COBpEMEHHbIN U
TEXHOJIOTUYHBIA 00JIMK. EAMHasA Kpbllla ¢ NOKAaTbIMHM CKaTaMU 0O0beJUHSeT BCe 3JIeMEHThI
KaMIlyca B L[eJIOCTHYI apXUTEKTYPHYI KOMNO3uLuL. [Ipy nmpoekTUpoBaHUU KaMmiyca ocoboe
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BHHUMaHUE YJeJSJ0Ch 3KOJOTMYECKHM acleKTaM U sHeprosadpdekTuBHOCTU. Mcnosb3oBaHUE
HaTypa/IbHbIX MaTepuasioB, 3QpPeKTUBHBIX CUCTEM BEHTHUJISILLUM U €CTECTBEHHOTO OCBeLleHUs
CIOCOOGCTBYET CO3aHUI0 KOMPOPTHOW U YCTOMYUBOHW Cpejbl [Jisl 00y4eHUs1 U UCCAeOBaHUM.
JlaHAwapTHBIA AM3allH MHTErpUpyeT KaMIyC B OKpY:KaILIYK MPUPOAHYIO Cpeay, cO3/aBas
rapMOHUYHOE B3aUMO/IeMCTBUE MEXKY apXUTEKTYPOX U MPUPOJOHU.

3. U3yuyenue npodeccuoHasbHbIX UCTOYHUKOB U 3KCIIEPTHBIX 0630POB.

AHanu3 MaTepuasioB, ONy6JUKOBaHHbIX Ha ArchDaily, mo3BOJIWI BBISIBUTb KJIHOYEBblE
NoJX0Jbl K IMPOEKTUPOBAHUIO KaMIlyCOB HOBOro ImnokoJsieHusi. Tak, James H. Clark Center
npejcTaBJleH Kak o6pa3el, OTKPbITOM U MeXAUCLHUIJIMHAPHOW Cpefbl, TJe apXUTeKTypa
CIOCOOCTBYET KOJIJIabopaliuy Yepe3 NpO3pavHOCTh, 00111Me 30HbI U TUOKYI0 CTpyKTypy. Kamnyc
CREATE B CuHranype 6blJ1 OTMe4eH 3a MOAYJbHOCTb U aJJalTUBHOCTb, OCOOEHHO LIEHHYIO AJIs
MeX/YHapOAHbIX UCCIe/J0BAaTeNbCKUX NPOeKTOB. Takke B uucie spkux npumepoB — CJ Blossom
Park, rae noguyepkrBaeTcsl yHUKaJlbHOe GOPMO0OOpa30BaHUE B BU/Jie TPEX JIIMIITUYECKUX OallleH
Y MOILHBIM BU3yaJIbHbIA 06pa3, OTpaXKaroLlMi KOPIOPATUBHYO U EHTUYHOCTbD.

[lnatdopmbl Dezeen u DesignBoom akieHTUPYIOT BHHMMaHHe Ha apXUTEKTYpPHOU
BbIPAa3UTEJbHOCTU U TEXHOJIOTMYHOCTU 00bekTOB. Harvard Engineering Complex onuceiBaeTcs
KaK IIpUMep OJHOIr0 M3 CaMbIX YCTOMYUBBIX 06pa3oBaTe ibHbIX 34aHul CLIA, rae npuMeHs0TCA
dacazbl U3 nepepabOTaHHBIX MaTepUaaoB, CUCTEMbI BOJAOOTBELEHUS U 03eJleHEHHbIE KPBIIIHU.
Skolkovo Institute mpeacTaB/ieH Kak CMMBOJI Hay4yHoro oyayiiero Poccum — c KoJsiblieBOH
CTPYKTYypoH, dacajaMu U3 CUOUPCKOW JIMCTBEHHMIbl U BbIPA3WTEJbHOW NPOCTPAHCTBEHHOM
KOMIMO3UIKer, obecreyrBaroller OasaHC MeXAY OTKPBbITOCTbIO U (GOKYCOM Ha Hay4YHYIO
JleITeJIbHOCTb.

Jlono/IHUTE/NIbHO ObLIM NpOaHaJM3UpPOBaHbl JaHHble QS Best Student Cities v pertuHra Ul
GreenMetric, Tie BBICOKO OLIEHMBAIOTCSA KaMMyCbl C TOYKHM 3pEHUS] YCTOWYUBOIO Pa3BUTHS,
MHTEerpanyu C Tropojckoil cpefod u koMmbopTta Jus cTyfAeHTOB [15]. OcobeHHO OTMeyeHbI
NpPaKTUKHU yIpaBJeHUs MUKPOK/JIMMATOM, 3QPeKTHBHOE UCIOJIb30BaHUE PECYypPCOB U pa3BUTHE
COLMAJIbHBIX MPOCTPAHCTB, YTO B COBOKYMHOCTH GOPMHUPYET CpeAy, CHOCOOCTBYIOLIYIO
00pa30BaHHUI0, HAYYHbIM OTKPBITHUAM U KPOCC-AHUCLUIIINHAPHOMY B3aMMO/1€MCTBUIO.

Pe3yabTaThl M 06CyKAeHue

B xope wuccienoBaHus ObLIM  NPOAaHAJU3WPOBAHbl MATh YHUBEPCUTETCKUX U
UCCJIelOBATEebCKUX
KaMIlyCOB, OTOOPaHHBbIX Ha OCHOBE MEX/JYHApOJHbIX apXUTEKTYPHbIX NPEMHUU U PEUTHUHIOB:
LHentp B Osctone (CLIA), kamnyc CREATE B Cunranype, uccienoBatenbckuil eHTp CJ] Blossom
Park B HOkHoit Kopee u CKOJIKOBCKHM HMHCTUTYT HayKU WM TexHOJOTMHW B Poccuu. OGbeKThI
BbIOpaHbl € Y4Y€TOM UMX MWHHOBALMOHHOI'O MOJX0Ja K OpraHu3alnud HOpPOCTPAHCTBa,
MEeXJUCUUIJIMHAPHON Cpefbl, yCTOMYUBOCTH U apPXUTEKTYPHOM BbIPpA3UTEJbHOCTU.OCHOBHOE
BHMMaHWe B aHa/li3e YyJeJleHO apxXUTeKTYpHOW KOHLENLMHY, MPOCTPAaHCTBEHHOM H
IJIAHUPOBOYHOW CTPYKType, TMOKOCTH U QYHKIMOHAJbHOCTHU, a TaKXe 3KOJIOTUYECKUM U
MHHOBAI|MOHHBIM pellleHUsIM, BU3YyaJIbHON UJIEHTUYHOCTU U UHTErpali B 06pa30BaTebHYIO U
Hay4yHylo cpeay. Kak nokazaHo B Tabsuue 1 HuKe, KaXAbld U3 OO'BEKTOB MpeACTaBJISET
YHUKaJIbHBIW IOJX0/, OTPAXAOIIMU IPUOPUTETHI KOHKPETHOIO MHCTUTYTA U KYJIbTYPHbIX
KOHTEKCT ero CO3/JJaHusl.

CpaBHUTe/IbHBIM aHA/IU3 NATH YHUBEPCUTETCKUX KaMIIyCOB, MOJYYUBLIUX MeXKAyHApPOLHOE
NpU3HAHUE, MOKa3aJ Ha/lhuve OOLUX apXUTEKTYpPHBIX NMPHUHIUIOB, JieKallMX B OCHOBE HX
yCHeuHoCcTU. BusyanbHo-06pa3Hble pelleHUs1 BceX 06'beKTOB HalpaBJyieHbl Ha popMHUpOBaHUE
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y3HaBaeMOW MJEHTUYHOCTU: OyAb To cuMBojivka Jorotumna (C] Blossom Park), MmoaynbHas
rubkoctb (CREATE) vy 3aMKHyTas CTPYKTypHas opraHusauus Kak B CkosikoBo. Kaxzabiii u3
KaMIIyCOB IpeJicTaBJsieT cO60M He TOJIbKO 006pa3oBaTesIbHYI0 MHPPACTPYKTYpPy, HO U cpejy,
CTUMYJIMPYIOILYI0 HAy4YHOE COTPYAHUYECTBO, KDEaTUBHOCTb U MEX/UCLUIIJIMHAPHbIN 0OMEH.

Ta6bsnpa 1. CpaBHUTeJIbHBIA aHajJU3 KaMIyCOB MO 00beMHO-QYHKIUOHAJIbHOMY
30HUPOBAHUIO
Kamnyc ApxuTeKTypHasa 06BeMHO- I'papuyeckune |IKosioruyec-
KOHLenuus dyHKIMOHA/IBHOE |CXEMBI KHe u
30HUMpOBaHUE 06 bEMHO- WHHOBalMOH-
GyHKIMOHA/Ib- |HbIE pelIeHUus
HOTO
30HUPOBAHUA
James H. [I-o6pa3Hoe 3gaHue ¢ |lleHTpasbHBIN EctecTBeHHas
Clark NpO3pavHbIMU aTpUyM CBSI3bIBaeT BEHTUJISALUS,
Center dacasamuy, OTKpbIThIE |J1abOpPATOPHUH, dacabl U3
(CTandopa) | MoCThI U cTeKJIsSHHbIE |0(UCHI, 30HBI CTeKJIa C
CTEHbI CO3Jal0T oTAbixa U Kade. [lo COJIHLIe3alUTO
BU3YyaJIbHYIO nepuMeTpy - i, MaccuBHOE
CBSI3aHHOCTb, vcciie[j0BaTebCKUe OXJIaXKeHUE,
no/4yépKrBas OJI0KHU. OpHeHTaLus
MeXAUCUUIIMHApHOC | KoMMyHUKauu Ha CHUXKeHHEe
Th. ApXUTEKTypa CKBO3HBbIE, 3HeprosaTpar.
CUMBOJIM3UDPYET CTUMYJIUPYIOT
«HayKy 6€3 rpaHHI». |B3auUMO/IeHCTBUE.
Harvard [IpsAsMOyro/IbHBIN 30HHUpOBaHUE LEED
Engineering | 06béM c BOKpPYT BHYTPEHHUX Platinum;
Complex aJIIOMUHUEBBIMU 3eJIEHBIX JIBOPHUKOB. 7| pacagpl U3
dacagamu u BuyTpu - | nepepa6orann
BEPTHKAJIbHBIMU JlabopaTopuH, oro
JlaMeJIsIMY, 3eJIEHble  |ayJUTOPUH, aJIIOMUHUS,
KPbILIU neperoBOpHbIE U 3eJIEHbIE
WHTErpUPOBaHbI B MecTa rpynmnoBou KPBbIIIH,
00111y10 KOMIO3ULIMIO. |paboTHI. COJTHEYHble
06pas ycroiuuBoro u |IIpocTpancTBa MaHeJIy,
palMoOHaJIbHOIO rubkue, c cucTteMa cbopa
VH>KEHEPHOT0 LIeHTpa. | TpaHCPOPMUpPYyEMBbI JLOXKJ1eBOM
MU FPaHULIAMU. BO/IbI.
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CREATE ['opyusoHTa/IbLHO Mogay/ibHbIE 6710KU /IBOoViHbIE
(CuHramyp) |BbITSHYTble COeIMHEHbI CTeKJISIHHbIE
CTEKJ/ISTHHbIE OJIOKU C  |rajiepesiMu, HUXKHUE dacaabl ¢
MOAYJIbHOU YPOBHH — 061H€e 3alMTON OT
CTpyKTypoil. [IpocToTa [ IpOoCTpaHCTBa, neperpesna,
dopM noguépKrUBaeT |/1abOpaTOPUU U aBTOMaTU3UPO
YHUBEPCAJIbHOCTD U oduChbl Ha BEPXHUX BaHHOE
TEXHOJIOTUYHOCTb. JTaXax. ylnpaBJieHHe
ApxuTeKkTypa [IpocTpaHcTBa KJIMMAaTOM,
OpUEeHTUpOBaHa Ha rubkue, IIOBTOPHOE
MeX/lyHapoAHOoe OpPUEHTUPOBAHbI Ha MCII0JIb30BaHU
COTPY/AHHUYECTBO. KoJ1J1abopaLUIo. € BOJbl.
C] Blossom |Tpu asiuncouiHblie [leHTpa/IbHBIN JIBoliHbIE
Park OalHy, aTpUyM COeAUHAET CTEeKJITHHbIE
(F0OxHas 00'beIUHEHHbIE TpHU dacaapl 1
Kopes) OOLUM CTEKJISHHBIM | PYHKIMOHAJIbHO nepdpopupoBa
atrpuymoM. Popma paszesiéHHblIe HHbIE MaHeJHy,
CUMBOJIMU3UPYET 6alHu peryaupyeMbl
Jgorotun komnanuu CJ. | (papmaneBTHKa, e
ApxuTeKkTypa OUOTEXHOJIOTHH, COJIHI€3aIIUT
KOpIopaTUBHas, nuigeBast Hble 3KpaHHbl,
JIAKOHUYHa#, C IPOMBILJIEHHOCTD). 3Heproap ekt
¢yTypuctuyeckumMu | HxHue ypoBHU — MBHas
3JIeMEHTaMHU. 00111e CEpPBUCHI, BEHTUJISLUSL.
Kade,
KOMMYHHUKAI[HH.
Skolkovo KosibiieBas cTpykTypa |BHeliHee KOJbI[0 — dacab! U3
Institute auameTtpoM 280 M, y4eOHble U CUOUpCKOU
(Poccus) dacazbl U3 CUOUPCKOMN |aAMUHUCTPATHBHbIE JIMCTBEHHHUIIbI
JIMCTBEHHUIIbI U 30HbI, BHYTPEHHHE Y TPUILJIEKC-
creksia. CUMBOJI 6JIOKH — CTEeKJIa,
Hay4HOI0 KOJIbIIa, JlabopaTopHUH. reoTepMaJjibHO
00’ beIUHAIOILETO [leHTpanbHBIN ABOP € OTOIJIEHHE,
06pa3oBaHUE U — 00I1IeCTBEHHOE eCTeCTBEHHOe
uccaefoBanus. O6pa3 |mpocTpPaHCTBO. OCBelleHHE,
CTPOT'OCTH U [Toa3eMHbIN bunbTpanus
WHHOBaIUM. ypOBEeHb — BO3/yXa.
TeXHUYecKast
MHOPACTPYKTypa.

[lnanupoBouHble pelieHUsl (Tabavua 2) BapbUPYOTCA OT KoJbleBbiXx (CKOJKOBO) U
nuHenHbIX (Harvard) go rubpugseix (C] Blossom Park), npu aToM Bce npoekThbl 06ecrieynBaOT
TECHYI0 B3aMMOCBS3b MeX/y HCCIe/J0BaTEeJbCKUMH, Y4eOHbIMM M  OO6LIECTBEHHBIMHU
IpPOCTPaHCTBaMU. BaXKHOM XapaKTepUCTUKOMU SIBJISI€TCS IPUMeHEHHe 3K0JI0THY€eCKH YCTOMUUBBIX
M TEXHOJIOTUYEeCKH MNPOABUHYTHIX peLIeHUH: OT HCIOJb30BaHUS IepepabOTaHHbIX U
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HaTypa/ibHbIX MaTepuasoB (cuOUpCKasg JIMCTBEHHULA, aJIOMUHUH) [0 CJIO0XHBIX CHUCTEM
MUKPOKJIUMATa U yIpaBJeHUsl pecypcaMy. ITU 3JIeMeHTbl CTAaHOBATCS HEOTbeMJIEMOU YacThIO
apXUTEKTYPHOW KOHLENL MU U OTBEYaOT TPeOOBAaHUAM COBPEMEHHOM 00pa30BaTe/IbHOM Cpesibl.

Tabsnna 2. CpaBHUTEIbHBIA aHAJIM3 KaMIyCOB M0 MJIAHUPOBOYHOHU CTPYKTYpe
Kamnyc | O6mectBeH | O6pa3oBa- |UccieaoBa- Tun I'padpuueckue cxembl
Hble 30Hbl | TeJibHble | TeJbCKHMe |MpOCTpPaHC- IUVIAHUPOBOYHOM
(aTpuym, 30HbI 30HbI TBEHHOM CTPYKTYPBbI
J1066M) (ayaurto- | (iaGopaTo- | CTPYKTYPbI
pun) pumn)
James H. |lLlenTpanbHbl |Psgom c ITo [I-o6pa3Has,
Clark ¥ aTpuyM, JlabopaTop |NepuMeTpy |oceBas
Center 00'beUHSA |USMH, 3/laHu4, JUCCUMMET
AN MHTErPUPO |BU3YyaJIbHO |pHUs
JlabopaTOpUH | BAHbI B CBSI3aHbI C
1 0pUCHI CTPYKTYpYy |aTpuyMoM
Harvard |3enéHble Pasmenien |boJsbiiue JIuHelHas c e
Engineeri | 1BopuKU U bl B/I0JIb J1abopaTOpPH | BHYTPEHHU W
ng ob1ue dacajoBu |ble MU IBOpAMHU
Complex |BHyTpeHHUHe |B6JM3U KJIaCcTephl Ty
NPOCTPAHCTB |BXOAHBIX |BHYTpPHU
a rpynn 06 bEMa
CREATE |O6ujue 30Hbl | Masble MopaynbHble | biiodyHo-
Campus |Ha Teppacax, |06y4arwly |1abopaTopH |MOAyJ/IbHAs
doite u e 6JI0KH, U, JIETKO C N
COeIMHSIONIY | pacripejiesl |TpaHCPOPM |TFOpPU3OHTAI ]
X rajepesix |E€HHble IO |HpyeMble bHbIMU :
nepuMeTpy CBSI3SIMH o ==
CJ] LlenTpasbHbl |OgHA U3 OtpenbHble |PaguanbHasg =
Blossom | oalleH OalllHU C OT LIeHTpa Q%
Park CTEKJISHHBIM |BKJ/IIOYAET |4YETKOU (aTpuyma) b ,
aTpuym o6pasoBaT |cnenuanrsa
MeXay eJIbHble nueu :
OalHAMU byHKIMU
Skolkovo |llenTpanbHbl |[lepuMerp |lleHTpanbH |KosbleBas
Institute |ii 1BOp B BHEIIHEr0 |ble C
KOJIbIIEBOM | KOJIbLIA NpsMOYroJl |BHYTPEHHU
CTPYKType KaMIyca bHbIE GJIOKU | M S1/IpOM
BHYTpH ’ ;
KOJIbIIa o -
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3aK/IloueHue

B pesysibTaTe npoBeEHHOrO MCCIEL0BaHUs, B paMKax KOTOPOro ObIJIM pacCMOTPEHBI NATh
BelyIIMX MUPOBbIX YHUBEPCUTETCKUX KaMmycoB — James H. Clark Center (Stanford University),
Harvard Engineering Complex, CREATE (Campus for Research Excellence and Technological
Enterprise), C] Blossom Park (South Korea) u Skolkovo Institute of Science and Technology —
OblJla JOCTUTHYTA NOCTaBJIeHHas Liesb: 0000LUTh MEXAYHAapOJHbII ONBIT U COBpPEMEHHbIE
apXUTEKTypHble TEHJEHLUN NPOEKTUPOBAHUS YHUBEPCUTETCKUX KaMIycoB. BbI60p 00bEKTOB
OCHOBBIBAJICS HA MEX/AYHApPOJHbIX pPeUTHHIaX, IPU3HAHHBIX NIPEMUSX U CTAaHJAapTaX KavyecTBa,
YTO MO3BOJIUJIO COCPEZOTOYUTHCS Ha 1eMCTBUTE/IbHO 3HAYMMbIX U MHHOBALlMOHHBIX IPUMepax.

CpaBHUTE/IbHBIA aHa/IM3 KaMIIYCOB MO apXWTEKTYPHOW KOHLENIUH, MPOCTPAHCTBEHHOU
CTPYKType, PYHKIIMOHAIBHOMY 30HUPOBAHMUIO, 3KOJIOTUYECKUM U TEXHOJOTUYECKUM peLIeHUSIM
NO3BOJIUJ BbIIBUTb KJ/KYeBble MPUHLUIBIL, ONpeJessaliie YCIelHOCTb KaMIyCHOIO
IpoCTpaHCTBa. Bce mocTraB/ieHHble 33/jauyd ObLIM MOCJAe[0BaTeJIbHO BbINOJHEHbI: IPOBeJieHa
THUII0JIOTU3al1s MHUPOBBIX MoJesel, Bbl/leJIeHbI apXHUTEKTypHbIE TEH/EHI1H,
NpOaHA/JM3UPOBAHbl MeEX/yHapoJHble CTaHAApTbl MU TMpPeMHUM, a TaKXKe pacCMOTPEHBI
0COGEHHOCTHU MPOEKTUPOBAHUS C MO3UILUU TUOKOCTH, YCTOMYHUBOCTH, MEXJUCIUIIIMHAPHOCTH U
MHTerpanuu c ropoJiCKOM Cpesiou.

[lonyyeHHble pe3yJbTaTbl MO3BOJUIM CHPOPMUPOBATH 1€JIOCTHOE IpeJCTaBJIeHUE O
COBpEeMEHHOM MapajurMe KaMIyCHOrO NMpoeKTHUpoBaHUs. 0630p U aHAIU3 MOATBEPAUJIH, YTO
KaMIlyCbl HOBOI'O TIIOKOJIEHHMSl BBIXOAAT 3a paMKU TPaJUIMOHHOTO aKaJeMHUYecKoro
IPOCTPAHCTBA, INpeBpaljasicb B MHOTOPYHKIMOHA/bHbIEe 3KOCHUCTEMbI, CHOCOGCTBYIOLIHE
MHHOBALMAM, COTPYAHUYECTBY U YCTOMYUBOMY Pa3BUTHIO. ITH BBIBOJBI CAY>KAaT PyHAAMEHTOM
JUIsl JaJibHEHIIUX UCC/IeJ0BAaHUM, B TOM 4ucle — JJis aJalTalluy JydIIUX MeXyHapOoAHbIX
NPaKTUK B apXUTEKTYPHO-TPaZIOCTPOUTENbHOM KOHTEeKCcTe Ka3axcTaHa.

/11 N1poeKTUPOBaHUSl YHUBEPCUTETCKUX KaMIycoB B KazaxcTaHe He06X0JUMO yYUTbIBATh
KaK rJ106a/ibHble TeHJeHIIMH, TaK U MeCTHble 0COOeHHOCTU. Ha 0CHOBe aHa/IM3a MUPOBOTO OIbITA
M c yderoM crnenudukn KazaxcTaHa MOXHO BbIJEJUTb TPU KJKYEBBIX MNPUHLMIA
IPOEKTUPOBAHUSl YHUBEPCUTETCKUX KaMMyCOB. BaKHbIM NPUHLMUIOM SIBJASETCSA CO3/aHUE He
TOJIbKO 00pa30BaTeJIbHONM MHPPACTPYKTYpbl, HO W CpeAbl, CTUMYJUPYIOLIEH Hay4dHOe
COTPY/AHUYECTBO, KPEaTUBHOCTb U MEX/AUCLMIIJIMHAPHbINA 060MeH. BTopoil K/t04eBOM NPUHLIUI —
BHeJ[peHHEe JKOJIOTUYECKH YCTOWYMBBIX U TEXHOJIOTMYECKH TMPOJBUHYTHIX pelleHU:
MCI0JIb30BaHUE IepepaboTaHHbIX U HATYpPaJbHbIX MaTepPHAJIOB, CHUCTEM MHUKPOKJIMMAaTa U
3Heprosa$PeKTUBHOIO yNpaBJeHUs pecypcaMy, UYTO OCOOEHHO aKTyaJbHO B YCJIOBUSAX
KOHTHUHEHTA/IbHOTO KJUMaTa. TpeTHi MPUHIMI CBSI3aH C UHTErPAaTUBHBIM MOAXOJ0M: KaMIyC
JIOJDKEH ObITh MHOTOQYHKIIMOHA/JbHBIM, OTKPBITBIM U OPraHUYHO BCTPOEHHBIM B CTPYKTYpPY
ropojia, GopMUpyssT HHHOBAllMOHHbIEe KJIAaCTepbl B KPYIMHEWIIMX Meramojycax CTpaHbl H
O/IHOBPEMEHHO YYUThIBasI KYJIbTYPHbIE U KJIMMAaTUYeCKHEe 0COGEHHOCTH Ka3aXCTaHCKOHU CpeJibl.
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Caysnem dcane Kypulavic uHcmumymol T.K. Bacenosa, Satbayev University, Aamamubl,
KazakcmaH

YHuBepcUTeT KaMIyCTapbIH »K006a/1ay IbIH, 9JIeMAIK TI:Xipuo6eci »KoHe 3aMaHayH
YpAicrepi.

AnpaTtna Maka/siazia YHUBEPCUTETTIK KaMIycTap/bl xk00aJ1ay/1blH XalblKapaJblK TaXKipubdeci
MeH 3aMaHayu YypZicTepi 3epTTeJil, MHHOBALUAJBIK X9He KON(YHKLHUOHaNAAbl OiniM Oepy
KeHICTIKTepiH KaJIbINTAaCThIPy KaFUJaTTapblHA epeKlle Ha3ap ayJapbliajbl. YHUBEPCUTET
ayMaKTapblHbIH 6i7iM 06epy, FbIJILIMU-3EPTTEY, 9J€yMEeTTIK >KoHe KOFaM/blK (yHKLHUAIAp/bI
6ipikTipeTiH KelleH/li FbUIBIMHU-0i1iM Oepy 3KOXyWeJsiepiHe TpaHCcPopMalUsAIaHy MacesieciHe
epekile keHia 6esiHeni. CTandopa yHuBepcutetingeri Jpxeiimc X. Knapk oprtasnbiebl, [apBapp
yHuBepcuTeTiHiH OscToHAaFbl MHKeHepJlik KeweHi, CuHranypaarbl CREATE kamnycsl, OHTYCTiK
Kopesigarbl C] Blossom Park »koHe Peceiijieri CKOJIKOBO FbLJIbIM >KoHE TE€XHOJIOTHUSI UHCTUTYThI
CUSIKTBI 9JIEMHIH, )KeTeKIli KaMNyCTapbIHbIH MbICaaAaphbl TaaAaHbl. KamnycTtapablH KeHICTIKTIK
MKEeM/IJIITiH, I9HapaJIbIK, 63apa 9peKeTTEeCTIliH, TYPaKThIJIbIFbIH KoHe 0J1apblH KaJla/bIK OpTara
WHTEerpaluysaCchblH KaMTaMachl3 eTeTiH HeTi3Ti CayJIeTTIK-KocnapJay lemiMmaepi KapacTbIPbIIbI.
OPTYpJli FBIIBIMU 6aFbITTAPAbIH 6KiJAepi apacblHaFbl KOMMYyHUKALUSAHBI, 6ipJieCKeH )KyMBbICThI
»K9HE FBIJIBIMUY ©3apa 9peKeTTeCy/ll bIHTaJlaHAbIPAThIH KOFaM/bIK, KeHICTIKTepi KaJbIITaCThIPY
MaceJleCiHe epeKlle Hasap ayzapbuiafbl. KamMnyc KeHIiCTIKTepiH yWMBIMAACTBIPYABIH aUIbIK,
6erimMenril oHe 3KOJIOTUSJIBIK, LIelliMepAi KAMTUTBIH 3aMaHayu MoJieJibJepi aHbIKTal/bl.
3epTTey HaTHXKeJepi AICTYpJi MOHOQYHKLMOHAI/Jbl KypbLIbIMJApAaH JUHAaMUKAJbIK >KoHE
MHTerpanusjaHfaH KaMIyC 3KOXyHeJsiepiHe Kelly KaKeTTijliriH kepceteni, 6ysn Kasakcrtan
YHUBEPCUTETTEPiHIH COy/JeTTiK-Kajla KYpbUIbICTBIK JaMybl YIIiH >kahaH/bIK 6ijsiM 6epy *koHe
FbUJIBIMU CbIH-KaTepJiep KOHTEKCTiH/e epeKllie 63eKTi 60J1bIN TabblIaAbl.

Ty#iH ce3aep: coy/ieT, yHUBEPCUTET KaMIyCTaphl, KEHICTIKTIK yHbIMJACTBIPY, UKeMJIIIK,
TYPaKTbLIbIK, I9HApaJ/IbIK UHTerpanus, MHHOBAaLUS.

M.Kh. Batyrova, G.D. Maulenova

T.K. Basenov Institute of Architecture and Construction, Satbayev University, Almaty,
Kazakhstan

Global Experience and Contemporary Trends in University Campus Design.

Abstract. This article examines international experience and contemporary trends in the
design of university campuses, with particular attention to the principles of forming innovative
and multifunctional educational spaces. Special emphasis is placed on the transformation of
university territories into integrated scientific and educational ecosystems that combine
educational, research, social, and public functions. The study analyzes examples of leading global
campuses, including the James H. Clark Center at Stanford University, the Harvard University
Engineering Complex in Allston, the CREATE campus in Singapore, C] Blossom Park in South Korea,
and the Skolkovo Institute of Science and Technology in Russia. Key architectural and planning
solutions that ensure spatial flexibility, interdisciplinarity, sustainability, and the integration of
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campuses into the urban environment are examined. Particular attention is given to the formation
of public spaces that stimulate communication, collaborative work, and scientific interaction
among representatives of various fields of knowledge. Contemporary models of campus spatial
organization are identified, including open, adaptive, and environmentally sustainable solutions.
The results of the study demonstrate the need to transition from traditional monofunctional
structures to dynamic and integrated campus ecosystems, which is highly relevant for the
architectural and urban development of universities in Kazakhstan in the context of global
educational and scientific challenges.

Keywords: architecture, university campuses, spatial organization, flexibility, sustainability,
interdisciplinarity, innovation.
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AHHOTanMaA. BaHTOBble KOHCTPYKIUH TMPEACTABASIOT COG0M BAaXKHBIN
3JIEMEHT COBPEMEHHOI'0 apXUTEKTYPHOTO MPOEKTHPOBAHUSA, UT'PaAsT KJIIOYEBYIO
poOJib B CO3/IaHUU OOIIECTBEHHBIX M KYJbTYPHbIX MPOCTPAHCTB. BaHTOBbIE
KOHCTPYKIIMM TMPEJOCTABJASIOT BO3MOXXHOCTb CO3JJaHHUSl MPOCTOPHBIX U
OTKPBITBIX 30H C MUHUMAaJbHbIM KOJIMYECTBOM OINOPHBIX 3JIEMEHTOB, YTO
co3zaeT aTMocdepy cBO6OJbI U JIETKOCTU. B 3TON cTaThe paccMaTpUBaeTcs
BJIMSIHUE BAHTOBBIX CUCTEM Ha pa3BUTHEe (QYHKIMOHAIBHOCTU U 3CTETUKHU
OOILeCTBEHHBIX M KYJbTYPHbIX INPOCTPAHCTB, a TaKXe HUX pOJb B
bopMUPOBaHUM apXUTEKTYPHbIX popM. Llesib McciefoBaHUSA 3aK/II04aAETCS B
aHa/iu3e OCOGEeHHOCTEH U TMpPeuMYyLIeCTB HCIOJb30BAaHUS BaHTOBBIX
KOHCTPYKIHUU AJis1 CO3[aHUSI YHUKAIbHBIX U 3QPEKTUBHBIX 001eCTBEHHBIX
IPOCTPAHCTB. B paMkax cTaTbU paccMaTpPUBAIOTCA KaK TeopeTHYecKue
acMeKThl, TaK U MPaKTUYeCKHe PpUMepbl YCIELUHOr0o NPUMeHEHUS1 BAHTOBBIX
CUCTEM B apXUTeEKTYype. McciejoBaHNe ONIMPAETCS HA aHAJIU3 CYLEeCTBYIOIIUX
IPOEKTOB, CPAaBHEHHE Pa3JIMYHbIX KOHCTPYKTHUBHBIX peLIeHUH U HU3yYeHHe
TEOPEeTUYECKHUX aCHeKTOB BaHTOBBbIX cuUcTeM. OCHOBHblE pe3yJibTaThbl
MOKa3bIBAIOT, 4YTO BAHTOBbIe KOHCTPYKLHUU CIOCOOGCTBYIOT CO3/JaHUIO
OTKPBITBIX U 3CTETUYECKU NMPUBJEKATENbHbBIX IPOCTPAHCTB, KOTOPhIE TaAKXKe
3¢pPeKTUBHbI C TOYKM 3peHHUs1 OQYHKUUOHAJIBbHOCTU U YCTOWYUBOCTH.
Ba)XHOCTB MCC/Ie/J0BaHUS 3aK/II0YAETCsl B pacllMPEeHU Y 3HAHU M 0 TPUMEHEHU U
BAaHTOBbIX CHUCTEM M MX BO3MOXHOCTSIX B apXUTEKType OOBEKTOB
00llleCTBEHHOTO Ha3HauyeHHUs. [IpakTHyeckoe 3HaueHHEe JAHHOW PaBOThI
3aKJIIOYAETCs B YIJyO0J€HHOM NMOHUMAHUU U JIeMOHCTPAI[MU BO3MOXKHOCTEN
BAHTOBBIX KOHCTPYKI[UH B CO3/JaHHUU 06LIeCTBEHHBIX MPOCTPAHCTB.
KiioueBble c/10Ba: BaHTOBble KOHCTPYKLMH, 061LeCTBEHHbIE TPOCTPAHCTRA,
APXUTEKTYPHOE NPOEKTHUPOBaHUE, GYHKIMOHAJIbHOCTb, 3CTETUKA
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PoJib BAHTOBBIX KOHCTPYKI MU B CO3/IaHUU 0611[eCTBEHHbIX U KYJIbTYPHBIX IPOCTPAHCTB

BBeageHue

B coBpeMeHHOM apxXUTEKTypHOM NPOEKTUPOBAHHWMU OOIeCTBEHHble U KYJbTYpHbIE
IPOCTPAHCTBA CTAHOBATCA Bce 06oJjiee BaXXHbIMU [ (QOpPMUpPOBaHUA YAOOHOU U
IpUBJIEKaTeJbHOM TOpPOJACKOM cpefbl. BaHTOBble KOHCTPYKLIMH, XapaKTepU3YHOILHecs
MCII0JIb30BAaHUEM HATSAHYTBhIX TPOCOB WJIM KaHATOB [Jisl pacnpejfie/leHUs] Harpy3okK, HaxoAfAT
IIUPOKOe NpPUMEHEHHEe B COBPEMEHHOM apxXUTEKType U CTpouTesabCcTBe. KOHCTPyKUUM C
HaTS>KHBIMMU 3JIeMEeHTaMU IMpeACTaBJAIT co60M OJAUH K3 HauboJsiee NpUBJIEKATEJAbHBIX U
GYHKIMOHA/IbHBIX aCMeKTOB COBPEMEHHOI'0 apXUTEKTYPHOr0 NPOEKTUPOBAHHUSA, OKa3blBas
3HAYUTEJbHOE BJIUsSHHUE B CO3/JaHUU OOIeCTBEHHbBIX U KYJbTYPHBIX IPOCTPAHCTB. Bb160p TEMBI
JIAaHHOT'0 UCCJIe[JOBAaHMS OCHOBBIBAETCS HAa PACTYLeM UHTepece K BAHTOBbIM KOHCTPYKLUAM KaK
apXUTEKTYPHbIM 3JIeMEeHTaM, KOTOPbIe He TOJIbKO ONpeJesiloT 3CTeTUYECKHU I 00JIMK 3[JaHUH, HO
U CJIy»KaT KaTaJM3aTOpaMHU COLiMaJIbHOTO B3aUMO/ e CTBUS.

HecMoTpss Ha Haquuue pas/MYHbIX HCCA€JOBAaHUM, MOCBAIEHHbIX CTPYKType U
GYHKIMOHA/IbHOCTU BaHTOBBIX KOHCTPYKLMH, /10 CUX MOP CYILeCTBYeT HeJOCTAaTOK aHa/ln3a UX
BJMUSIHUS Ha OOIIECTBEHHYI0 >XHU3Hb U KYJbTYpPHble NPAKTUKW. JTO CO3/aeT MpoO6JIEMHYIO
CUTYaLMIO, B KOTOPOW Ba)kKHble acCleKThl UCI0Jb30BaHUs BAaHTOBBIX KOHCTPYKIIMA B KOHTEKCTE
OOILeCTBEHHBIX M KYJbTYPHbIX MPOCTPAHCTB OCTAKTCS HEAOCTATOYHO OCBEllEHHbIMU.
AKTya/JIbHOCTb TEMbI ONIpe/iesIsieTCs] He06X0AUMOCTbIO IIOMCKA HOBBIX pellleHUH U MOAX0/10B JJIs
CO3/laHUSl YCTOMYUBBIX M TNPHUBJIEKATEJbHbIX TOPOJICKUX MPOCTPAHCTB, CIOCOOCTBYIOIIUX
B3aMMO/IEMCTBUIO MEXAY TOpOKaHaMM U KyJbTYPHOMY OOMeHy MexJy HHUMHU. B ycioBusix
ObICTpOM ypOaHU3aLMK U U3MEHEHUH B COLlMaJIbHOM MOBEJIEHUM HaceJeHUsI 0COGEHHO BaXKHBIM
CTAaHOBUTCS M3yYeHHE TOT0, KaK apXUTEKTypHble GOPMbI MOTYT BJUSATH HA KHU3Hb COOOIIECTB.
[Ipo6sieMa 3akJ04aeTcs B TOM, YTO CyLIeCTBYIOLIMEe UCCIeL0BaHUA YacTO COCPefOTOYEeHbl Ha
TeXHUUYeCKHX XapaKTepUCTHKaX KOHCTPYKLUH, 0CTaBJIsAs 3a IpeJieJlaMU aHa/Iu3a UX COLlMa/IbHble
U KyJbTypHble acleKTbl. JTO MOJAYEPKUBAET TEOpPeTHYEeCKYyl M NPaKTUYeCKyl 3HAYMMOCTb
TeMbI, TaK KaK IOHMMaHHe 3TUX aClIeKTOB MOXeT 060raTUTh KaK apXUTEKTYPHYI0 NPAKTHUKY, TaK
Y Hay4YHble UCCJIeJOBaHUS.

O6beKTOM MCC/IelOBaHUA SABJSAETCS BaHTOBble KOHCTPYKLMM B apxuTekType. [Ipeamer
UCC/elIOBAaHUsl UX DPOJIb B CO3JlaHUM OOIIEeCTBEHHbIX W KYJbTYPHBIX NPOCTpPaHCTB. llesnb
MCC/1eJOBaHNS 3aK/II04AeTCsl B aHa/IM3€e BJAMSHNUA BAaHTOBbIX KOHCTPYKIMH Ha COLMOKYJIbTYPHYIO
JVMHAaMUKy, YTO MO3BOJIMT BBIIBUTb MX INOTeHLHal B (POPMUPOBAHUU OOILECTBEHHBIX U
KyJIbTYPHBIX IPOCTPAHCTB. 3a/la4y UCC/eJ0BaHNS BKJIOYAIOT U3ydyeHHe pa3/IMYHbIX IPUMEpPOB
BAaHTOBbIX KOHCTPYKLMM, aHa/JU3 MX NPOEKTHbIX pelleHuH U BblsiBJIeHHEe QaAKTOpPOB,
CNOCOOCTBYIOIIMX OO6LIECTBEHHBIM AKTUBHOCTSIM B 3TUX NPOCTPaHCTBaX. [l [JOCTHXKeHUS
NOCTaBJIEHHBbIX Iiejed OyJyT MCHO0JIb30BaHbl pasjiMuHble MeTOJbl MCCJeLOBaHHUS, BKJIIOYas
aHaJIU3 JIMTepaTyphbl.

ITH NOJXO0/ bl I03BOJIAT IV1y0Ke MOHATh, KaK BAHTOBbIE KOHCTPYKIIMK MOT'YT CIIOCOGCTBOBATh
CO3JJaHUI0  MHOTOQYHKIMOHA/JbHBIX NPOCTPAHCTB, IMOBbIIA YpPOBEHb  COLUAJIBHOTO
B3aUMO/JIEMCTBUSA U KyJbTYpHOro o6MeHa. ['MIoTe3a Mccel0BaHUS 3aK/IKYAETCs B TOM, UTO
BaHTOBble KOHCTPYKILMH, 06J1aJlasi 3CTETUYECKONM U (QYHKIMOHAJbHON NPHBJIEKATEIbHOCTHIO,
MOTYT 3HAYUTEJNbHO YJIYYLUIUTh KaueCTBO OOLECTBEHHON KU3HU U CTaTh BaXKHBIM 3JIEMEHTOM B
CO3/JaHUM OOIeCTBEHHBIX NMPOCTPAHCTB. 3HaueHUe paboThl COCTOMT B TOM, YTO OHa MOXKET
BHECTH BKJIa/l B apXUTEKTYPHYIO IPAKTHUKY, CIOCO6CTBYS GOPMUPOBAHHUIO 60Jiee YCTOUYUBBIX U
MHTErPUPOBAHHBIX TOPOJCKHUX INPOCTPAHCTB, YTO AaKTyaJbHO B YCJIOBUAX COBPEMEHHOIO
obuiecTBa. BaHTOBble KOHCTPYKIMU 3aHUMAIOT Ba)KHOE MECTO B COBPEMEHHOM apXUTEKTYPHOM
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NPOEKTUPOBAHUU OOILECTBEHHbIX W KYJbTYPHBIX MPOCTPAHCTB, YTO OTpa)KaeTcs B psje
3HAUUTeNbHbIX UccaenoBaHui. AreeBa E.H0. u CnupugonoBa AWM. B cBOéM y4yeO6HOM MOCOOUM
AHAJIM3UPYIOT NPUMeHeHWe BAaHTOBbIX KOHCTPYKLHM B 3peJIMILHbIX 3/JlaHUAX, IOJYEePKUBAsA UX
KJII0YEBYIO POJIb B CO3/JaHUU OTKPBITHIX IPOCTPAHCTB 6€3 BHYTPEHHUX OINOpP. ITO 03BOJISET He
TOJIbKO ONTUMMU3WPOBATh MWCHOJIb30BaHUE IUIOILAAHW, HO U NOBBILIAET 3CTETHUYECKYIO
IpHYBJIEKaTeJbHOCTb 3/JaHUH, Jiesiasd ux 6oJiee QyHKLMOHAJbHBIMU JJIsI MaccoBOro 3puTes [1].
KyxxaxmetoBa 3.P. u CanoxHukoB AWM. ob6pamaloT BHUMaHUEe Ha apPXUTEKTYPHYIO
BbIPA3UTEJNbHOCTh 3JaHUU C KPUBOJMHEUHBIMU NOBEPXHOCTSIMM, BKJIKOYass BaHTOBbIE
KOHCTPYKLIMU HucciaefoBaHHble KyxaxmetroBod 3.P. u CanoxnukoBelM A.M. Hx paboTta
JleMOHCTPUPYET, KaK TaKue pelleHUs] CHOCOOCTBYIOT CO3JaHUI0 MPOCTPAHCTB, OTBEYAKLUX He
TOJIbKO PYHKIIMOHA/IbHBIM, HO U 3CTeTUYECKUM TpeboBaHUsAM [2]. B cBoeM yue6HOM NOCOOUM MO
BUCSYMM M BAHTOBBIM KOHCTPYKHMAM KupcanoB H.M. paccmaTpuBaeT TeopeTUYeCKHE U
NpaKTUYeCKHe aceKThbl IPOEKTUPOBAHUS. Ero Tpy A AB/IsIeTCs BOXKHBIM UCTOUYHUKOM 3HAHUU 1151
CTYIEHTOB W CIEeLUaJMCTOB, KOTOpble CTPEMATCA MPUMEHATb BAHTOBbIE CHUCTEMBI B
0011leCTBEHHbIX 3/1aHUAX [3].

Xutpyk C.A. B CBOeH CTaTbe aKI|eHTUPYET BHUMaHME Ha COBPEMEHHBIX M0/1X0/1aX K BAHTOBBIM
KOHCTPYKIMAM. OH paccMaTpUBaeT TEXHOJOTMYeCKHe UHHOBALMM U MeTO/lbl, KOTOpbIE Jle/Ial0T
BAaHTOBbIE CUCTEMbl GoJsiee AOCTYNHBIMM [IJi1 MPHUMEHEHUs B TOPOJICKOM apXUTEKType, 4YTO
0COOEHHO BaXKHO /[1J1S1 CO3/IaHUS 00IeCTBEHHbIX 00beKTOB [4]. B cBoelt kuure Harris J.B. u Pui-K
Li K. ocBelaloT ONbIT MEXAYHAPOAHOU NMPAKTUKU B 06JIaCTH BAHTOBBIX KOHCTPYKLMU . ABTOPBI
aHAJIU3WUPYIOT, KaK TaKue KOHCTPYKLUMM TMOMOralwT peliaTb 3aJaid COBpPEMEHHOTO
IPOEKTUPOBAHUSA, CO3/jlaBasi BU3ya/IbHO NMpPUBJEKATe/bHble U PYHKIIMOHAIbHbIE TPOCTPAHCTBA
[5]. AMockoB M.M. akieHTHpyeT BHMMaHHWe Ha NepCHeKTHBHBIX HaNpaBJIeHUSAX Pa3BUTHUA
BAaHTOBBIX KOHCTPYKLHUH B MOCTOCTPOEHHH, KOTOpble MOTYT OBITb aJanTUPOBaHbl JJs
apXUTEKTypHbIX 00beKkTOB [6]. Mopo3oB A.Il, Bacunenko O.B. © MuponkoB B.A. B cBoeM
UCCJIeJOBAHUN TOKa3blBalOT, KaK KOHCTPYKTUBHbIE DpeLIeHUs BJUAKT Ha BOCIPUATHE
IPOCTPAHCTBA, YTO fABJAETCA KJKYEBbIM aCNeKTOM INpPU MNPOEKTHPOBAHUHU KyJbTYPHBIX
00'bEKTOB [7].

[Ipo OCHOBBI apXWTEKTYpHOM KOMIO3WUIMH, KOTOpble MOTYT OBITb NPHUMEHEHbl [JJf
WHTEerpaluuy BaHTOBbIX KOHCTPYKUMM u3yaratoT MkoHHHMKoOB A.B. u Ctenanos I'.I1. [8]. OkeaHoB
['B. paccmarpuBaeT ajanTayuio OOJIbIIENPOJIETHBIX  CBETONPO3PAyHbIX MHOKPBITHH,
UCIOJIb3yeMBbIX Ha CTaAMOHax, K pabore B pexuMe "Hacnepue", 4yTo nogyepKuBaeT poOJb
BAaHTOBBIX CHUCTEM B IMOBBbILIEHWHM MHOTOQYHKIMOHAJbHOCTU OOLIeCTBEHHBIX 34aHul [9].
HenmwopuHa E.Il. 1 lemyeHko A.M. B CBOMX HCC/IeJOBAaHUAX OINMCBIBAKT YCIELIHble MPUMEpPbI
UCIOJIb30BaHMSl BAHTOBBIX CHUCTEM, UTO MNOJATBEPXKJAAeT KX aKTyaJbHOCTb B COBpPEMEHHOMU
apxuTtekType [10]. B cBoeli cTtaTtbe [lemueHko A.M, 06CyJaeT HaZleXKHOCTb U 3QPEKTUBHOCTb
BAaHTOBBIX KOHCTPYKLUH, NOJYepKUBasi UX NpPUMeHeHHEe B KPYINHBIX OOLIeCTBEHHbIX 3JaHUAX
[11]. Kynaruna T.0., KnumoBa A.A., AreeBa E.}0. aHa/iu3upyoT OGHOHUYECKHE 3JIEMEHThI B
apxXuTeKType Ha mpuMepe bosbuioro HauuoHa/ibHOro TeaTpa B IlekuHe, WJIIOCTpPUPYA
NOTEeHIMal KyINoJIOB-000JI04eK U BaHTOBBIX CTPYKTyp [12]. PaccMoTpeHHble HCTOYHUKHU
JIEMOHCTPUPYIOT MHOIOTPAHHOCTb BAaHTOBBIX KOHCTPYKLIMM, WX PoOJb B CO3/laHUU
BbIpAa3UTEJNbHbIX W (QYHKLUOHAJIbHBIX OOLIECTBEHHbIX W KYJbTYPHBIX NPOCTPAHCTB.
UccnenoBaHus NoKa3blBalOT, YTO 3TU CUCTEMbI 00 beJUHSIOT TEXHOJIOTUYECKYI0 3 PEKTUBHOCTD
U apXUTEKTYpHYI0 3CTeTHKYy, Jeslasgd UX aKTyaJbHbIM HWHCTPYMEHTOM COBpPEMEHHOTO
CTPOUTEJIbCTBA.

86 Ne1(154)/ 2026 JLH. T'ymunes amoiHdarsl Eypasusi yimmuik yHueepcumeminiy XABAPILBICEI.
TexHUKQIbIK FblAbIMOAP HCaHE MEXHO102USap CePUSIChI
ISSN: 2616-7263. elSSN: 2663-1261



PoJib BAHTOBBIX KOHCTPYKI MU B CO3/IaHUU 0611[eCTBEHHbIX U KYJIbTYPHBIX IPOCTPAHCTB

MeToaos10rust

MeTogosi0rusa Mccaej0BaHUs BKIKOYAET:

1. bubsnuorpaduyeckMi aHaiu3 - TOWUCK, CHACTeMaTU3alUsl WU H3y4YeHUe HaydHOU
JIUTepaTyphl, CTaTeN, IPOEKTOB;

2. TeopernyeckMil aHa/lW3 - MUCCAELOBaHHE INPUHLMUIIOB NPOEKTUPOBAHUSA BAHTOBBIX
KOHCTPYKLMH;

3. HcTopuKO-aHaJIMTUYECKUU METOJ - HU3ydeHUe MCTOPUYECKUX aCHeKTOB pa3sBUTUA

BaHTOBBIX KOHCTPYKIMH;

4. MeTop 0600611eHUsA pe3yJbTaTOB - 0000LIeHUe MOJyYeHHbIX JaHHbIX [J51 BblIsIBJEeHUS
BJMUSHUS BaHTOBbIX KOHCTPYKLUMUM Ha ¢QopMHUpOBaHUE OOLIECTBEHHbIX U KYJbTYPHbBIX
IPOCTPAHCTB.

OcHOBHBIE HCCIENOBaTe/JbCKHe BOIPOCH, HA KOTOpble HAINpaBJEeHO JaHHOe
uccje/loBaHUe, KacaloTCs BJIWSHUS BAHTOBBIX KOHCTPYKLMI Ha 0611leCTBEHHOE B3aUMO/IeICTBUE,
KyJIbTypHble aClleKTbl U YCJOBHS, CIOCOOGCTBYIOLIME HUX yclellHOMY (yHKLMOHHpPOBaHUI. B
YaCTHOCTH, HUCCIeLyeTcsl, KaK BaHTOBble KOHCTPYKUMHU (GOPMUPYIOT COLMaJbHble CBA3U U
B3aMMO/IeHCTBUSA B CO3/IaHHBIX IPOCTPAHCTBAX, KAKHE KYJIbTYPHbIE 3JIeMEHThI CTAaHOBATCA 6oJiee
BbIpaXKEHHBIMHU 6J1aro/iaps UX BHEJPEHUIO B 0011leCTBEHHbIE 3/1aHUS, @ TAKXKE B KaKHUX YCI0BUAX
OHM IMpeBpallalOTCd B LEHTPbl KyJbTYypHOW aKTUBHOCTH, CHOCOOCTBYS (OPMHUPOBAHHUIO
YHHUKaJIbHOM rOpO/ICKOM UJ€HTUYHOCTH M aKTUBHOTO 00O11eCTBEHHOTO y4aCTHS.

B paMmKax uccienoBaHUsl BbIZBUTAeTCs TUIIOTe3a O TOM, YTO BaHTOBble KOHCTPYKILMH,
6sarofapss CBOed apXUTEKTYpPHOW BbIPAa3UTEJbHOCTM MMEKT BO3MOXXHOCTb CO3/]aBaTh
YHUKaJIbHbIE 061eCTBEHHbIE U KYJIbTYpPHbIe NPOCTPAHCTBA.

JdTanbl MCCAeOBaHUs BKJIOYAaeT 4YeTblpe OCHOBHBIX 3Tamna. Ha mepBoM sTame ObLI
npoBeZieH CcOOp JiMTepaTypbl IO TeMe BaHTOBBIX KOHCTPYKLMH, BKJ/AK4Yasg Hay4HbIe
UCCIeJOBaHUsA, CTaTbU M NpOeKThl. Ha BTOpoM 3Tame M3y4eHbl TeopeTHUYeCKHe acCleKThbl Ha
OCHOBe KJaccMUKalMi, a TakKe BU3yaJlbHOe BOCHPUSTHE BAaHTOBBIX KOHCTPYKLUH. TpeTui
3Tall BKJ/IIOYaeT aHa/Ju3 MUCTOPHUYECKUX aCleKTOB Pa3BUTUSA BAHTOBBIX KOHCTPYKUMH. Ha 3ToM
JTane TaKXe IPOBeJEeHbl INpPUMepbl HECKOJIbKO 3HAYUTEJbHBIX OOBEKTOB C BaHTOBBIMU
KOHCTPYKLMAMU [/ 60J1ee I1y60KOro udydeHus. Ha yeTBepToM atane popMUpOBaHME BbIBO/IOB
O BJIMSIHUY BaHTOBBIX KOHCTPYKL MM Ha 00l eCTBEHHbIE U KYJIbTYpHbIE IPOCTPAHCTBA.

Pe3sysibTaThl U O6CYKaeHUue

BaHTOBble KOHCTPYKLMHU - 3TO BHUCAYME KOHCTPYKLMUH, KOTOpble He U3MEeHSITCA
reoMeTpUYeCcKH U OCHOBHBIMM HECYLIUMHU 3JIEMEHTAMU KOTOPbBIX ABJSAITCA TUOKKE, HATAHYThle
NpsAMOJIMHEWHble BaHTbL. BaHTBI - HecyllWe 3JieMeHTbl CTEPXKHEBOTO TUIA (TPOCHI, KaHATBhI,
rubKHe CTep>KHHU, MyYKH BBICOKONIPOYHOU NMPOBOJIOKH, JIEHTHI U T.I1.), paboTaroljie B OCHOBHOM
Ha pacTspkeHue [1]. BaHTOBble KOHCTPYKLMHU LIUPOKO MPHUMEHSIOT B CIOPTHBHBIX KOMILJIEKCAX
[2], kHMHOTeaTpaX, 3aKpbITBIX MW YAaCTUYHO OTKPBITBIX CTaJiIMOHAX, TOPrOBBIX LEHTpaX,
aspoBOK3aJax u Ap. [3].

BaHTBI MOTYT OBITh 3aKpenJeHbl Ha IMJIOHAX UJIM IPUKPeIJeHbl K 3aMKHYThIM KOHTYpaM,
KOTOpblE MOTYT OBbITh OKPYIJIBIMK (HampuMep, KOJIbLO, 3JIJIMIC) WUJIU NPSMOYroJbHBIMU. JTU
BaHTbl M3rOTaBJMUBAIOTCAd C [peJBapUTEJbHbIM HaNpsKeHWeM, 4YTO T[O03BOJISIET UM
BOCIIPUHMMATh CKUMaIILUe YyCUJUS N0J, JeUCTBUEM 3KCIUIyaTallMOHHBIX Harpy3ok, He
UCIIBbIThIBAsA JedopMaluU CKaTUsl, IPU IPAaBUJIbHO NOA00PaHHOW reOMeTPUM YCTaHOBKU. Takum
06pa3oM, HeCMOTPS Ha TO, YTO BAaHTOBAs CUCTeMA COCTOUT TOJIbKO U3 TMOKHX 3JIeMEHTOB, OHA
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bYHKIMOHUpYeT Kak »KecTkas ¢epMa. BaHTOBble KOHCTPYKLUU MOTYT OBITh IJIOCKUMH, Kak,
HalpyUMep, BaHTOBblE MOCTbI, WJM NPOCTPAHCTBEHHbIMH, TAKMUMU KaK MOKPBITHUS OOJIbLIAX
00111eCTBEHHBIX U POMBIIIJIEHHbIX 3/JaHUH. [IpocTpaHCcTBeHHbIE BAHTOBbIE KOHCTPYKIIMU 4acTO
MMEKT JIBOSIKYI0 KPUBU3HY, U OJJHUM M3 MPOCTEUIINX IPUMEPOB SIBJSIETCS NOKPBITHE B popMe
cepuia. Takoe MOKPBITHE COCTOUT M3 JIByX MeEPECEKAIIIUXCSI CUCTEM BAaHT — IONEPeYHOU U
NpOAOJIbHON. JTHU BAaHThI 3aKpeIJIEHbl B KE€CTKOM OCHOBE, KOTOpas NPUHUMAET CKUMallie
Harpy3Ku OT BaHT.

[lonmepeyHble BaHTbl NpPeABAPUTENbHO HATATUMBAKOTCH, YTO NpPUAAET KOHCTPYKLUHU
HEeOOXOJJMMYI0 MPOCTPAHCTBEHHYIO »KECTKOCTb. Ha momepeyHyr cuCTeMY YKJIa/JbIBAIOTCS
KpOBeJIbHbIE MJIMThI, KOTOPbIE, TP NPABUJbHOU CTHIKOBKE, 06pa3yl0T MOHOJUTHOE MOKPbITHE.
ITO 3HAYUTEJNbHO YBEJWYMBAET KECTKOCTb BCed cucTeMbl. bjarogaps cBoed JIETKOCTU U
3KOHOMHUYHOCTH, BAHTOBbIE KOHCTPYKLUHU SBJSAIOTCH 3P PEeKTUBHBIM pellleHueM JJisi CO3/JlaHus
HNOKPBITUN 3JaHUU C OGOJIBIIMMHU MPOJIETAaMH. BaHTOBble KOHCTPYKIMHU [JAIOT BO3MOXXHOCTh
COBepUIaTh MOKPBITHS 3[JaHUM BCEBO3MOXKHbBIX KOHPUTYpPAI[MI rapaHTUPYS YCTONYUBOCTD 1[eJI0U
cuctembl [4]. Takke BO3MOXHbl KOMOWHALlMKU apPOYHBIX U BAHTOBBIX CUCTEM, TJle BaHThI
IOMOTAIOT NMO//IeP>KUBATh apKy U NpeJ0TBpallaoT eé AepopMaluio B IJIOCKOCTH.

BaHTOBble KOHCTPYKIMU MpeJJlaraloT psaj, 3HAUHUTeJIbHbIX TPEUMYIIECTB 110 CPAaBHEHUIO C
TPAaJAUIMOHHBIMHU CTAJbHBIMU CHCTEMaMHM, BK/IO4Yasd 3pPeKTUBHOE HCIOIb30BaHUE MaTepHaa,
MOCKOJIbKY B PaCTAHYThIX HECYL[UX 3JeMeHTaX 3a[eMCTByeTCs BCSA IJIOLA[b MONEepevyHOro
ceyeHHUs] TPOCOB M MPUMEHSIOTCSI BBICOKOMPOYHbIE CTA/M, YTO CHMXKAET MacCy KOHCTPYKIMU.
YHOpouéHHbIM MOHTAX M103BOJIsIeT U36eraTh UCN0Jb30BaHUSA JIECOB M OJMOCTEH, UTO 06Jieryaet
IpollecC BO3BeJleHUSI U CHUXKAeT TpyJo3aTpaThl. KpoMe TOro, BaHThI, CBEpHYTble B OyXThl,
YHOpPOLIAIT TPAaHCIIOPTUPOBKY U CKJIaAupoBaHue. OHY TakKe N03BOJISIOT IEPEKPbIBATH AJIMHHbIE
npoJieThbl 6€3 He0OXOAMMOCTHU YCTAaHOBKH IPOMEXKYTOYHBIX OMOP, UTO JieJIaeT UX 9IKOHOMUYHBIMU
IpU yBeJUYEHUU IMpoJieTa, TaK KaK Macca Hecylled KOHCTPYKIMH OCTaeTC OTHOCHUTEJIbHO
He6OoJIbIION. JCTeTHYecKass MPUBJIEKATEJIbHOCTh HEOOBbIUHBIX (GOPM BAHTOBBIX KOHCTPYKLUU
MOXXeT 3HAaYWTeJbHO NOBBICUTb BbIPA3UTEJBbHOCTb COOPYKEHMs, a KOHCTPYKLUSA HNOKPBITUU
CO3/laeT ONTHUMaJIbHbIE YCJI0BHSA BHYTPH 3JjJaHUA [/ aKyCTUKH, BUAUMOCTU U OCBELeHHOCTH.

HecmoTps Ha cBOM NpeuMyllecTBa, BaHTOBble KOHCTPYKLHUHU TaKXe HUMEIT HEKOTOpble
HeJoCTaTKU. Bo-nepBbIX, epOpMaTUBHOCTb - MOJ, BO3JEWCTBUEM BHEIIHUX HAarpy3oK BaHTHI
MOTYT HW3MEHATb CBOI I€pBOHAYa/lbHYI0 TreoMeTpuyeckylo ¢opMy, 4YTO HOPUBOJUT K
NOBBILIEHHOW 1epOpPMaTUBHOCTH NOKPBITUM U TPeOYeT [ONOJHUTE/NbHbIX MEPONPUATUHN IJ
obecredyeHUsI HEOOXOAMMOM XKECTKOCTU KOHCTPYKLHUHU. BO-BTOPBIX, JONOJHUTENbHBIE PACXO/bI
Ha MaTepuaJsbl: JJi YCTAHOBKU ONOPHBIX 3JIEMEHTOB MOKEeT NOTPeb0BaTbCA 3HAYUTEJIbHOE
KOJIMYEeCTBO MaTepHasoB, YTO yBeJUYMBAET OOIYI0 CTOUMOCTb.

KpomMe ToOro, mnoBbllieHHasgs JAedOpMaTUBHOCTb 3aTPYyAHSET HCIOJb30BaHHWE BaHTOBBIX
KOHCTPYKIIMU B IPOU3BO/CTBEHHBIX 3/IaHUSX C KPAaHOBBIM 000py/loBaHMeM. HakoHel, Ipo61eMbl
C BOJIOOTBOJIOM MOTYT BO3HHUKHYTb M3-3a CJI0KHOCTH yCTpoicTBa 3pPeKTUBHOIO BOJAOOTBO/IAa B
TaKUX KOHCTPYKLUSX.

Jlns cHuxeHus 1eOpMaTUBHOCTU BaHTOBBIX KOHCTPYKLMK UCIOJIb3YIOTCA pa3/IMuHble METO/ bl
cTabuamn3anyu NoKpbITHUS. OCHOBHbIE METO/AbI CTAOUIN3aLlMK BKJIIOYAIOT:

-CTabuiuszanys C [OMOILbI0 NPUTPY3KU: ITOT METOJ, INpeAroJaraeT MCI0JIb30BaHUE
JIOTIOJTHUTEJIbHBIX HAarpy3oK, KOTOpble MOTYT OBbITh NpeJCTaBJIeHbl JUO60 B BHUJE CBOOOJHO
pasMelleHHbIX 06 beKTOB (HanpuMep, COOPHBIX KeJie300eTOHHBIX IJIUT), W00 B BU/IE XKECTKUX
KOHCTPYKIMU (HampruMep, MOHOJIMTHBIX XKeJ1e300eTOHHBIX 000J104€eK). B ciy4yae ucnosib3oBaHus
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PoJib BAHTOBBIX KOHCTPYKI MU B CO3/IaHUU 0611[eCTBEHHbIX U KYJIbTYPHBIX IPOCTPAHCTB

MOHOJINTHOM 000JIOUKH IIpeiBapUTENbHOE IPUTPYKEHHE TOKPBITUSA JOKHO OBITH BbINOJIHEHO
Jl0 OKOHYaTeJbHOW 3aJMBKH, YTOObl MpefOTBPATUTh IOSIBJEHHE PACTATMBAKOLIUX YCUJIHUHA B
0060J104Ke B IIpoLjecce 3KCIIyaTaluy;
-Co3/laHre JBYXINOSICHBIX CUCTEM: B 3TOM MeTOJe, HapsJy C OCHOBHBIM HECYLIUM TpPOCOM,
yCTaHABJIMBAETCs CTAOMJIN3UPYOUMKA (HAaTAXKHOW) TPOC, KOTOPBbIA MOXeT ObITh COEeLUHEH C
Hecyllel CHCTeMOW NMOCPEeCTBOM KECTKUX PACOPOK, TMOKUX MOJBECOK, UJIU UX KOMOUHAIUEHN.
CTabuJIU3UPYIOLIMKA TPOC MOKET ObITh YCTAaHOBJIEH BbIl e UJIM HUXKE HECYILero TPOCa;
-[lpuMeHeHMe NepeKpPeCcTHbIX CUCTEM: B JAHHOM IOJX0Jie CTabuIU3alus JOCTUTAETCS MyTeM
YCTAHOBKH CTAaOMJIM3UPYIOLIMX TPOCOB, PACIOJIOXKEHHBIX MOMEepeK OCHOBHBIX HECYLUX TPOCOB.
ITH Tpocbl GOPMUPYIOT CEAJIOBUIHYI0 TOBEPXHOCTh C OTPHUIIATENbLHON rayCCOBOM KPUBU3HOM,
YTO IOMOTaeT B pacnpe/ieJileHUH Harpy3ok;
-Micno/sib30BaHMe KECTKHUX 3JIEeMEHTOB B COUYETAaHUU C TMOKUMH BaHTaMU: KECTKHUE 3JIEMEHThI
npe/iHa3HaueHbl JAJ CTabuarM3anuMu (GOpMbl HNOKPBITUS W PaBHOMEPHOTO pacnpejeseHust
KOHLEHTPUPOBAHHbIX U HEPABHOMEPHBIX HAarpPy30K Ha HECKOJIbKO HECYLUX BaHT;
-llpuMeHeHue BUCAYUX PpepM U 6GasOK: KeCTKUe BaHThbl, TaKMe KaK BUCSYHe PpepMbl U GaJKy,
NPUMEHSIOTCA JJ1s1 CTabU/IM3al M IOKPBITUH CJIerKoM KpoBJiel, obecnieduBasi J0MOJHUTETbHY O
IPOYHOCTb U YCTONYMBOCTb KOHCTPYKLUH.

B 1iesioM, mpeuMy1ecTBa BaHTOBBIX KOHCTPYKLUH, TaAKHE KaK UX JIETKOCTb, 3KOHOMUYHOCTD
M 3CTeTUYecKash BbIPa3WTEJbHOCTb, 3HAYUTEJbHO MPEBOCXOAAT MX HEAOCTAaTKH, 4YTO
CIOCOGCTBYET UX LIMPOKOMY IPUMEHEHUIO B COBPEMEHHOM CTPOUTEJILCTBE.

BaHTOBble KOHCTPYKIUHU MOXKHO KJACCUPULIIMPOBATD M0 Pa3JIMUHbIM IPHU3HAKaAM:
1. ITo pacnosioXKeHH O BaHT:
-C mapasieJlbHBIM pPacloJIOKEHUEM: BaHTbhl PpacnoJIOKeHbl NapaslielbHO JApYyr Jpyry,
nojJiep>krMBasg KOHCTPYKIHUIO IO NPSAMBIM JIMHUSM.
-C pafuanbHbIM pacloJOoKEeHUEeM: BaHThl PACXOAATCA OT OJHOM UJIM HECKOJIbKUX LIeHTPaIbHbIX
TO4YeK, 00pa3ys paJUaJbHble JMHUH, YTO TO3BOJISET NOALEP!KUBATh KOHCTPYKLUH C paZaJbHOU
CUMMeTpHUEM.
-C mepeKpecTHBIM pacloJIOKEHUWEM: BaHThl pacCloJaraloTcd TaKWM 00pa3oM, 4YTO OHHU
nepecekarTcs, 060pa3ys CeTKy WM pelleTKy, YTO yBeJUYMBAET CTAOUJIBHOCTb U KECTKOCThb
KOHCTPYKIMH.
2.Ilo oyepTaHuIO B IJIaHE:
-[lpaMoyrosibHble: KOHCTPYKLHMH, UMeEIOLHe NPSAMOYroJjibHyl0 ¢GOpMy B IJIaHe, YTO 4acTo
NpUMeHSeTCs AJ151 IOKPBITUS NPSAMOYTOJbHBIX 3JaHUM WUJIH IJIOLA/I0K.
-Kpyrzible: BaHTOBble KOHCTPYKLHWH, KOTOpble HMMEKT Kpyrjoe oO4YepTaHHWe B IJIaHe, 4YTO
UCIIOJIb3YeTCs AJ151 CO3JaHHs KYT0JI0B, IIaTPOB UJIH APYTUX KPYTbIX GOpM.
-Kom6uHMpOBaHHBIE: KOHCTPYKLHWH, COYeTawlide pas3juyHble GOpMbI B IJIaHe, HANpPHUMep,
NpSAMOYTOJIbHble C KpYIJIbIMKM 3JIeMeHTaMH, 4YTO TMO03BOJIIET CO03JaBaTb CJOXHble U
MHOT0QYHKIMOHa/IbHbIEe GOPMBI.
3.Ilo meToAy cTabUIM3a UM NOKPBITUA:
-3a CYET yBeJIMYeHUs MacChl NOKPBITHUSA WU OETOHHBIMU MPUrpy3aMu: AONOJHUTENbHAsA Macca
WJIM OeTOHHbIE MPUTPY3bl UCHOJIb3YIOTCA AJIS CTabUIM3al UM OKPBITHUS, YBEJIMYUBaAs ero BeC U
IPOYHOCTb.
-IlpenBapuTe/IbHBIM HaNPSI)KEHUEM: BAHTbI 10| BEPralOTCs NpeJBAPUTENbHOMY HaTSXKEHUIO, UTO
obecreyuBaeT JOMOJHUTENbHYIO }KECTKOCTb U YCTOMUMBOCTb KOHCTPYKIMHU.
-Ucnosib30BaHMEM 3J1EMEHTOB C U3TUOHOM KECTKOCTbHIO: B KOHCTPYKIMU UCIIOJIb3YIOTCS
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3JIeMeHThI, 001301 e U3TUOHOM KEeCTKOCThIO, KOTOPbIe IOMOTAaT CTaOUJIN3UPOBATh NOKPbI-
THe U paclipesie/IATb Harpy3KH.
4. Tlo crtoco6y BOCHPUATHSA YCUIUM:
-3aMKHYTbIM ONOPHBIM KOHTYPOM: BaHThl NOJAJEPKUBAIOTCA IO 3aMKHYTOMY KOHTYpY, 4YTO
no3BoJisieT OoJsiee 3QPEKTUBHO pacnpefiesiiTb Harpy3Kd W yBeJUWYHMBAeT YCTOMYMBOCTH
KOHCTPYKIMU.
-Pa3oMKHyTBIM ONIOPHBIM KOHTYPOM: BaHTbI NoAAEepKUBAIOTCSA 10 PA30MKHYTOMY KOHTYPY, UTO
MOXeT CO3/laBaThb ONpeJ/ie/ieHHble OTPaHUYEHUSl B pacnpejie/leHUH Harpy3oK U yCTOWYUBOCTU
KOHCTPYKIUU.
5. [lo MaTepuay HeCcylIUX PaCTAHYTHIX U KOHTYPHBIX 3JIEMEHTOB:
-JluHeliHble TPOCOBBIE CUCTEMBI: MCIOJIb3YIOT TPOChl, KOTOpPble paboOTalT B BePTUKAJbHOU
IJIOCKOCTH, 0becreyrBasi NOJJepKKY U paclipe/iesieHre Harpy3Ky B 3TOU MJIOCKOCTH.
-[IpocTpaHcTBEHHBIE TPOCOBBIE CUCTEMBI: BK/II0YAlOT TpOChI, paboTaroliye B IBYX MJI0CKOCTSX,
YTO MO3BOJIIET UM MOJJEePKUBATh 6oJiee CJ0XKHble U MHOTOrpaHHble GOPMbl KOHCTPYKIIUH,
obecrneyuBasi NIPOCTPAHCTBEHHYO KECTKOCTb U YyCTOMUUBOCTD.

TakuM o6pa3oM, kjaaccuPpuKauusi BaHTOBBIX KOHCTPYKLMH olpejenseTcs 60JbIIUM
pa3HooOpa3ueM  INPOCTPAHCTBEHHbIX  pELIeHUM, CBA3aHHbIX C HMX [POYHOCTHBIMHU
xapakTepucTukamu. (PucyHok 1).

KIIacCH(pHUKaUs
BaHTOBBIX
KOHCTPYKIUH

10 METORLY
CTa0MIM3anuu

10 MaTepuay
10 PACIIONOKEHHUIO 10 OYEPTAHHIO B

IO CII0CO0Y

BaHT IJ1aHe BOCIIPUATHUA YCUIHU i
IIOKPBITUSL

HECYIINX
9JIEMEHTOB

Pucynok 1. Knnaccudukaius BAaHTOBbIX KOHCTPYKLIMU

BaHTOBBIE KOHCTPYKLIHNHU OKAa3bIBAKOT 3HAYUTEJ/IbHOE BJIHWAHHE HAa BU3ya/JIbHOE€ BOCIIPUATHE
3,£[aHI/II>'I 611a1‘o,qap;1 CBO€M CIoCOOHOCTHU CO31aBaThb BbIpa3WTE/IbHbIE U HECTAHAAPTHDLIE (l)OprI,
49TO JOCTHUTraAeTCAd Yepe3 HECKOJIbKO K/THOYEBbIX 3CTETHUYECKHX dCIIEKTOB:

-BO-HepBbIX, JIEFKOCTb U BO3JYIIHOCTD, obecreyrBaeMasi MCI0OJIb30BaHUEM HAaTAHYTBIX TPOCOB U
MHUHHUMAJIBHBIM KOJIMY€CTBOM NOAAEPXHWBAKIKUX 3JIEMEHTOB, I03BOJIA€T apPXHTEKTOpPaM
MMPOEKTUPOBATDL OTKPLIThIE IPOCTPAHCTBA U 6oJibllIKE MpoJieThbl oe3 BH,I[PIMOFI Harpy3KH Ha

CTPYKTYDY;
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Posib BaHTOBBIX KOHCpr}(L[I/Iﬁ B CO3/JlaHUH O6I.LleCTBeHHbIX N KYyJIbTYPHBIX IPOCTPAHCTB

-Bo-BTOpBIX, 3cCTETHKA MPO3PAYHOCTH, JOCTUTaeMas 6Jyarogaps NpUMeHeHUI0 MPO3pavyHbIX UJIU
MOJIYNIPO3paYyHbIX MAaTEPUAJIOB, TaKUX KaK CTEKJIO WJIU MOJHMMEpPHble MeMOpaHbl, YCUJIUBAET
BU3YyaJIbHYIO JIETKOCThb U CO3/1aeT 3G PEeKThl OCBEIEHHOCTH;

-B-TpeTbux, reoMeTpuiecKasi BbIPa3UTEIbHOCTb BAHTOBBIX CUCTEM I03BOJISIET PEAJU30BbIBATD
C/IOXKHbIe (GOPMbI W H30THYTble JIMHWH, YTO TMpPUAAeT 3AaHUSAM YHUKAJbHOCTh H
IPHBJIEKATEJIbHOCTb, HEOCTKUMYIO TPAAUIMOHHBIMU KOHCTPYKTHBHBIMU METO/[AMU;
-HakoHel, AMHAMUYHOCTb U JABHWXKEHHE, XapaKTepPHbIE /11 BAHTOBBIX KOHCTPYKI[UH, CIIOCOGHBI
BU3YaJIbHO TepelaBaTh 3HEPTreTUKY U AKTHUBHOCTb, YTO OCOOEHHO aKTyaJbHO B IMpPOEKTax
CIIOPTUBHBIX apeH U KYJIbTYPHbIX LIeHTPOB (PrucyHOK 2).

+

BHU3yaJIbHOE

BOCIPHSATHE BAHTOBBIX|
KOHCTPYKIUH

TKOCTh U reoMerpuvecKas
HICTROE IIPO3PavYHOCTh 0 Ceid JUHAMHUKa U IBUXKCHUEC
BO3YIITHOCTH BBIPA3UTCIIbHOCTDb
o I e

PucyHok 2. BusyasibHOe BOCIPHUSTHE BAaHTOBBIX KOHCTPYKLIUN

Pa3BuTHE BAHTOBBIX KOHCTPYKLUKA UMEIOT JOJITYI0 HCTOPHIO, YXOASLIYI0 KOPHSIMU B IpeBHUE
BpeMeHa, HO UX COBpeMeHHOoe pa3BuUTHe Hadajochb B XIX Beke. [lepBoHada/ibHble BaHTOBBIE
KOHCTPYKIJMM MOXHO TMpOCAeJUTb C JpPEeBHUX BpeMeH, Korja MoJ00Hble CUCTEMbI
MCII0JIb30BAJIUCh B apXUTEKType M CTpOUTesbCTBe. Hampumep, ApeBHHE pUMJIIHE U TPEKHU
IPUMEHSIJIM IPUMUTHBHbIE BEPCUU HATSXKHBIX CUCTEM JJIsl MOJAJep>KaHus KpbIUIl U ATPoB. B
CpeAHUE BeKa, XOTS BAaHTOBbIE KOHCTPYKLUU B KX COBPEMEHHOM BH/I€ €ellle He CyleCTBOBaJIH, B
CTPOMTEJIbCTBE LiepKBeH M COGOPOB HCMOJIb30BAJMCh 3JIEMEHTHI, aHAJIOTUYHbIe MPUHLKIAM
BAaHTOBBIX CUCTEM, TaKhe KaK apKOyTaHbl B TOTHYEeCKOW apxXuTeKkType. HacTosmui npopsiB B
pPa3BUTHUM BAHTOBBIX KOHCTPYKUMH mnpousoueyn B XIX Beke € HavyaJoM HHAYCTPUATbHOM
PEBOJIIOLIUH.

[IpuMeHeHHEe HOBBIX CTPOUTEIbHBIX MAaTepPUAJIOB, TAKUX KaK CTajJb U GETOH, NMO3BOJIUJIO
co3/laBaTh 0OoJiee CJI0KHble U MacuITabHble KOHCTPYKUUU. OueHb WHTepecHble CBeJeHHUs O
BAaHTOBBIX KOHCTPYKLUSX, peaJu30BaHHbIX B MpoeKTax Ui HaType B XIX u XX Bekax, MOXXHO
HaiiTu B kHUre Harris James B., Pui-K Li Kevin. Masted Structures in Architecture. - Taylor &
Francis [5]. OAHHUM 13 paHHUX IPHUMEPOB ABJISIETCS NOCTPOoeHHbIN B 1859 roay JIoHAOHCKHUT MOCT
yepes peky TeM3y KOTOpPbIN CTa/l 3HAKOBBIM MPUMEpPOM NMPUMeHEHUsI CTa/IbHbIX BaHT. (PucyHok
3). 3a [0JITYI0 UCTOPUIO CBOErO PA3BUTHUS MOCTHI MPOLLJIA OTPOMHBIA NYTh OT MPUMUTHUBHBIX
IEPEKUHYTHIX 4Yepe3 pydyell OGpPEBEH [0 COOPYKEHHUM COBepLIEHHO KOJIOCCAJIbHOTO pa3Mepa,
KOTOpbIe IMepPeKPhIBAIOT MOPCKHE 3a/MBbl LUIMPUHOK B JECATKU KUJIOMeTpoB [6]. B kHure
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MoposoB A.Il, Bacusenko O.B., MuponkoB B.A. oTmevaeTcs, 4yto fo 1977 roga toabko B CCCP
661710 TOCTPOeHO cBhle 120 3aHUH, TepeKPBIThIX BUCAYMMHU KOHCTPYKLUAMU [7].

B XX BeKe BaHTOBbIe€ KOHCTPYKLIMHU JOCTUIJIM CBOEr0 pacLBeTa € pa3BUTHEM BbICOKOIIPOYHBIX
MaTepraioB U KOMIIBIOTEPHOI0 MoJieJIMpoBaHud. OJHUM M3 3HAKOBBIX IPOEKTOB CTaJa KpbIlla
OsiMMnuUicKoOro ctafuoHa B MioHxeHe, cnpoeKTupoBaHHasA @punieM XoHEKepOM U NOCTPOeHHast
B 1972 ropmy, KoTopasd NpoAeMOHCTPHPOBa/a BO3MOXXHOCTU BAaHTOBBIX CHUCTEM B CO3JaHUHU
KPYIHBIX, JIETKUX U 3CTETUYECKU NPUBJIEKATeJbHbIX IOKPBITUU. B 3TO e BpeMda MOABJIAIOTCA
HOBbI€ apXUTEKTYpPHble U UHKEHEPHbIe pPelleHNs], TAKUe KaK BaHTOBbI€ MOCTHI, IOKPBITUA A/
BbICTAaBOYHBIX LIEHTPOB U CIHOPTHMBHBIX apeH, KOTOpble UCIO0JIb3yIOT COBPEMeHHble BaHTOBbIE
CUCTEMBI.

THE TOWER BRIDGE AND
@ RIVER THAMES, LONDON.

PucyHok 3. JIOHZOHCKUU MOCT yepe3 peKy Tem3y

OMMNUNCKUNA cTaguoH B MioHxeHe, crnpoekTupoBaHHbli @Ppaem OTTOo U [toHTepoM
BeHuieM, fiBJsieTCs BbIAAOLAMCA NPUMEPOM HCNOJIb30BAaHHUSI BAaHTOBBIX KOHCTPYKLHHN B
apxuTeKkType. Ero yHuKasibHasi KOHCTPYKIMs, HIOCTpoeHHas B 1972 rofly, npoieMOHCTPHUPOBaIa,
YTO BAaHTOBBIE CUCTEMbI MOTYT HE TOJIbKO Y/IOBJETBOPATh QYHKLMOHATbHBIM TPEOOBAHUAM, HO
Y CO3/1aBaTh 3CTETUYECKHU NIPUBJIEKaTebHbIE 06LeCTBEHHbIE TpocTpaHcTBa (PucyHok 4).

S £ g ]
i . =i

PrcyHok 4. OTMMIIMKCKUAM CTaUOH, I MIOHXeH
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PoJib BAHTOBBIX KOHCTPYKI MU B CO3/IaHUU 0611[eCTBEHHbIX U KYJIbTYPHBIX IPOCTPAHCTB

CTaZyOH MMeeT BAaHTOBYIO KOHCTPYKLHIO, B KOTOPOM MeMOpaHHasl Kpbllla [0/ /lep>KUBaeTcs
CTaJIbHbIMM KaHaTaMH, YTO IO3BOJISIET CO3/aBaTh OOJibLIMe NPOJIETHl 6e3 MaCcCUBHBIX OIOP.
OTKpBITOCTb apXUTEKTYPHOTO NIPOCTPAHCTBA — BaXKHeNIllee CBOMCTBO CTaJUOHA. EcTecTBeHHY10
NOTPeOHOCTh BU3YyaJbHOW CBfI3M, ObOecnedYMBawllledl OLylleHWe eAUHCTBAa C OKPYXKarollUuM
MUpoM, oTMedasl UkoHHUKOB A.B. [8]. MeMbOpaHHas Kpblllla, U3TOTOBJIEHHAsA U3 CHelUaJlbHbIX
CUHTETHUYECKHX MaTepuasoB, He TOJIbKO OobOeclieuuBaeT 3allUTy OT NOTOJAHBIX YCJOBUH, HO U
CIOCOOGCTBYET €CTECTBEHHOU BEHTHUJISILIUY, UYTO CO3/1aéT KOMGOPTHBIE YCA0BUSA JJis1 3pUTesied U
cnopTcMeHoB.  OJMMOUMCKUKA  cTafUOH B  MIiOHXeHe ObI  CHOPOEKTUPOBAaH  Kak
MHOTOQYHKIMOHA/JbHOE MPOCTPAHCTBO, CHOCOOHOE MPOBOAUTH He TOJIbKO CIOPTUBHBIE
MepONpPUATUSA, HO U KYJIbTYPHbIE COOBbITHS, TaKMe KaK KOHLEPTbl U BbICTAaBKU. PyTOOIBHBIN
CTaiuOH, OGJiarojaps MacuTaby, KayeCcTBY apXUTEKTypbl U COLUAJbHOM pOJIM, OKa3bIBaeT
peljawpliee BJIMSHUE Ha OKpYXawllylo cpeay, oboecrneynBasg eJUHCTBO NPOCTBAHCTBEHHOMU
KOMIIO3UIIUK U OmpeJiesisis aHcaMOJieBblM XapakTep 3acTpoilkd [9]. CTaAuoH cTas CUMBOJIOM
00'beIMHEHHUS U KYJIbTYPHOT'0 06MeHa, oTpakas Ayx Onumnuiickux urp 1972 roza. Ero oTkpbitas
Y UHKJIIO3UBHAsl CTPYKTypa MpUIJIallaeT J/iel BceX BO3pacTOB M MPOUCXOXKAEHUH, CTIOCOOCTBYA
COLIMa/IbHOMY B3aUMOJEWCTBUIO M €JUHCTBY. Hajnmyne CMOTpPOBBIX IJIOIAZ0OK U OTKPBITBIX
IPOCTPAHCTB BOKPYr CTaJjMOHA CO3JaeT JOCTylHble MeCTa /[Js OTAblIXa U OOLIEeHMS, YTO
NOBBIIIAEeT Ka4eCTBO )KU3HU B TOPO/JICKOM CpeJie.

’KuBonucHbI MoCT B I. MOCKBa — 3TO BaHTOBBIM MOCT 4yepe3 MOCKBYy-peKy, KOTOPBIU CTajl
He TOJIbKO BaXKHOW TPAHCIOPTHOM apTepuel, HO U 3HAUMMbIM 3JIEMEHTOM OOIeCTBEHHOTO
NpPOCTPAaHCTBA Ha ceBepo-3anaze crosaunsl. [loctpoennsid B 2001 roay, MOCT AEMOHCTPUPYET
BO3MOXXHOCTH BaHTOBbIX KOHCTPYKLUMHA B CO3JJaHUU QPYHKIMOHAJIBHBIX M 3CTETUYECKU
IpUBJIEKATeJbHbIX 00beKTOB. KOHCTPYKLUA COOPYKEHUA YHUKAa/JIbHA U COCTOMT U3 OTPOMHOU
apKy, ABJAKOLIENCA ONOPOM MOCTA, K KOTOPOM C NMOMOILBIO 72 TPOCOB NOJBELIEHO JO0POXXHOe
IIOJIOTHO, MAylLee He NTollepekK, a BAOJIb PEKH, IIJIABHO U3TU0asACh U HAIOMHUHAsA JIJATUHCKYI0 OyKBY
S [10]. (Pucynok 5.).

Pucynok 5. )KuBonucHsii MocT, I. MockBa

BaHTOBast KOHCTPYKIMS MOCTA NMO3BOJISIET PEO0JI€BATh 3HAYUTEJIbHbIE PACCTOSHUS MEXAY
6eperamu, obecrneynBas HaZEXKHY NOAJEpP>KKYy BepxHel yacTu MocTa. BaHTa coBpeMeHHOro
MOCTA - 3TO BBICOKOINPOYHBIM CTAJbHOW TPOC, CIJIETEHHBIM M3 THICAY CTaJbHBIX MPOBOJIOK,
paboTarouiyx Ha pacTtsikeHue [6]. Ucnosib30BaHUEe CTa/IbHBIX KAHATOB U ONIOP MPUJAET AU3aHHY
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JIETKOCTb U 3JIETAHTHOCTD, YTO JieJlaeT MOCT BU3ya/IbHO NPUBJIeKaTeJbHbIM. BaHTOBbIE KaHATHI
MOXHO OTHECTHM K OHOHMKe B apXUTeKType, YTO O3HAuyaeT, IpexJe BCero, NoJApakaHue
eCTeCTBEHHO MPUPOJAHBIM popMaM, a B MH)KEHEPHOM KOHCTPYMPOBAHUHU — MOJleJIMpPOBaHUeE NIPU
IIOMOIIM COBpPEMEHHbIX MaTepuaiOB OTJEeJbHBbIX 3JIEMEHTOB KOHCTPYKLMH [0 AHAJOTUU C
BHYTPEHHUMM CTPYKTypaMH pacTeHHUH, XUBOTHBIX M 4YesioBeka [11]. MOCT cayXUT BaKHOU
TPAHCIOPTHOM apTepuel, coelMHSAS pa3JiMYHble palloHbI TopoJia U obJieryas nepejBUMKeHUe
KUTeseld. ITO 3HAYMTEJNbHO COKpallaeT BpeMsl B MYTHU JJi aBTOMOOWUJIMCTOB U IeLIeX0JI0B.
[IpocTpaHCTBO MO MOCTOM MCHOJIb3YEeTCA [Jid OpraHU3alMU NPOTryJIOYHBIX 30H, YTO CO3JAET
KOMOpTHBIE YCJOBUSA [l OTAbIXa WM Jocyra. TakuM 06pa3oM, MOCT CTAHOBHUTCSl He TOJIbKO
GYHKIMOHA/IbHBIM 3JIEMEHTOM UHPPACTPYKTYPHI, HO U MECTOM /[1J1s1 00111eCTBEHHOM aKTUBHOCTH.

HauunoHanbHBIN LEHTP MCIOJHUTENbCKUX UCKYCCTB B [lekrHe (2007), cipoeKTHPOBaHHBIN
apxutekTtopoM [losiomMm AHApey, ABIAETCA BBbIAAIILUMCA NPUMEPOM BaHTOBBIX KOHCTPYKIHMH,
KOTOpble WUIPAlOT KJIIUYEBYI POJIb B CO3J,AHUM OOIIECTBEHHBIX M KYJbTYPHBIX NPOCTPAHCTB.
OTkpeiThii B 2007 roAy, 3TOT apXUTEKTYPHBIM LieJleBp couyeTaeT B cebe HWHHOBALMOHHbIE
TEXHOJIOTUH U 3CTETUYECKYI0 TapMOHMI0. BaHTOBas cucTeMa nojiep KMBaeT CJI0XKHY0 000J104Ky
3/laHMA, BBINIOJIHEHHYIO U3 TUTAHa U CTEKJIa, YTO MO3BOJIAET CO3J4aTh JIETKYI0 U NMPO3paYHYIo
CTPYKTYpY, KoTopasi 3¢ PeKTHO OTpakaeTcsl B OKpykarleM BogoeMe (PrucyHok 6).

PucyHok 6. HauimoHa/IbHbIN LEHTP UCIOJHUTENbCKUX UCKYCCTB, I. [leKuH

[IpsamoyrosibHasa ¢popma BojoeMa M OBajibHasd — 3aHUS JJOJDKHBI, 10 3aMbICJIy apXUTeKTOpa
[long Anzipe, HAaOMUHATh O JIp€BHEM KHWTANWCKOM KOCMOJIOTHYECKOM CcHMBoJie 3eMJyu U Heba:
BIHMCAaHHOM B KBajpatT kKpyre. [12] Upesa llonsa AHjpe 3ak/royasach B CAeAYIOLIEM: B LIEHTpe
ropojia npejroJarajocb Co3ZaTb OTPOMHOE bOacceilH-03epo, a B ero cepejdHe yCTaHOBUTb
OBaJIbHbIN MPUIJIIOCHYTBIM KYI0JI, HAOMUWHAKUIMKI Kamio BoAbl. OfHAKO peanu3anys NpoekTa
CTOJIKHYJIacb C psAAoM TpyaHocTeil. [lepBas mpobsieMa ObLIa CBSI3aHa C 3aKOHOJAATEJbCTBOM,
OTPaHUYUBAIOLUM BBICOTY 3[,aHWH B [lekuHe 10 46 MeTpoB. YTOOBI 0GOUTHU 3TO OTPAaHUYEHHUE,
byHaMeHT yriiyouaun Ha 32 MeTpa. Ho U TyT BO3HMKJIM CJIO)KHOCTU — NOJ, OyAyIIUM 3/JaHUEM
TeaTpa NpoTeKasa MojA3eMHasl peKa, KoTopas MOrJia NOBPeAUTb KOHCTPYKLUL. i penieHUs
3TOM mnpob6JsieMbl QYHJAaMeHT 3aKJ4YW/IM B BOJOHENPOHULAEMYI OETOHHYI 000JI0YKY
TOJILMHOM 1 MeTp, a 0OCHOBaHWE YKPENUJX ONOPHOW MIMTON. BHYTpU 3h4aHud pacnoJsiaraloTcs
TPU OCHOBHBIX 3aJia: OOJIbIION KOHLIEPTHBIM 3aJ, TeaTp U MHOTOPYHKLMOHAJIbHBIM 3aJ, 4TO
N03BOJISIET IPOBOAUTH LIMPOKUU CHEKTP KYJbTYPHBIX MEPONPUATHH, OT ONEPHBbIX ClIEKTaKJIen
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PoJ1b BAHTOBBIX KOHCTPYKIIMN B CO3JJaHUU OOIIECTBEHHBIX U KYJIbTYPHBIX NIPOCTPAHCTB

0 BBICTABOK. [IpocTpaHCTBeHHass oOpraHu3anus W aKyCTU4YeCKMe KadecTBa 3aJiOB,
obecriedMBaeMble BaHTOBBIMM KOHCTPYKLMUSIMHU, CIOCOOCTBYIOT CO3JaHUI0 YHUKaJbHOU
atMocdepsl A1 3pUTesied U UcroHUTe ed. LleHTp cTas1 BaXKHbIM KyJIbTYPHBIM y3/10M B [lekuHe,
aKTUBHO CIOCOOGCTBYIOUIMM Pa3BUTHUIO KYJbTYPHOW KU3HU M COLMAJIbHOTO B3aWMOJENCTBUSA B
ropozie. bnaromapss cBoell apxuTeKType M (QYHKIMOHAIBbHOCTH, HalMoHa/bHBIA LEHTp
MCIIOJIHUTE/IbCKUX UCKYCCTB JIeMOHCTPUPYET, KaK BaHTOBble KOHCTPYKLHUU MOTYT He TOJIBKO
yay4dwaTh QYHKIMOHAJIBHOCTb 3JaHUM, HO M CO3J|aBaThb BJOXHOBJAKILIHE OOILEeCTBEHHbIE
IPOCTPAHCTBA.

Moct XoHr Konr — Yxyxah — Makao, oTkpbiTbid B 2018 roay, fB/asieTcs BblJAKOLUMCA
IpYMepPOM BaHTOBOM KOHCTPYKL UM, UT'PAIOLIEN KIOYEBYIO POJIb B CO3JJaHUU OOILeCTBEHHOTO U
KyJIbTYPHOT'O MPOCTPAHCTBA. /lJInHA MOCTa NpeBbllIaeT 55 KUJIIOMETPOB, YTO JieJ1aeT ero 0JHUM
M3 CaMbIX MPOTSKEHHBIX BAaHTOBBIX MOCTOB B Mupe. OH obecrneyuBaeT COeJUHEHHE TpPEX
pervoHoB: ['oHKOHTra, YKyxasd U Makao, cyleCTBEHHO COKpalyasd BpeMd B IIyTH MeXAy HUMHU U
MOBBIIIAs TPAHCIOPTHYIO IOCTYNHOCTb (PUcyHOK 7).

Pucynok 7. Moct 'oHKOHT — Ykyxaih — Makao

CTpyKTypa MOCTa COCTOMT U3 MHOTOYHUC/JIEHHBIX BaHT, KOTOpPble 00€CeYnBalOT JIErKOCTh U
YCTOMYUBOCTb KOHCTPYKLUU. [[pyMeHeHne COBPEMEHHbIX MaTepPHa/IOB U TEXHOJIOTUH, TAKUX KaK
CTa/IbHble KaHAThl U 6€TOHHbIE OMOPHI, TO3BOJIMJIO CO3J4ATh HE TOJbKO QYHKIMOHAIbHBIN, HO U
BU3ya/IbHO NpPeBJIEKATEJNbHbBIN 00'bEKT, KOTOPbIA OPTraHMYHO BIUCBHIBAKOLUKCSA B IPUOPEKHBIN
ga"amadpT. [loMMMO CBOEro OCHOBHOI'O TPAHCIOPTHOrO Ha3HAayeHHUs, MOCT CTaJ CHMBOJIOM
COTPYAHHUYECTBA U UHTErPALUU MEX/y peruoHaMu, CI0COOCTBYS COLMANbHBIM U KYJIbTYPHbBIM
B3auMo el cTBUsAMU. ClielyeT OTMETHUTbD, YTO M0J06HbIE KOHCTPYKIUU SIBJSIOTCS Pe3yJbTaTOM
He CTOJIbKO CTPOTMX HHXEHEPHBIX pPACYETOB, CKOJIbKO peajnu3aldd TBOPYECKOr0 3aMbICIIA,
CTpeMJIeHUsT K HWHHOBalusM. BeJb BaHTOBas KOHCTPYKLHs 006J/1aJlaeT OOJIBLIIMM 3aracoMm
TEeXHOJIOTUYeCKOU TMOKOCTU U BAPUATUBHOCTU CBOEr0 pelieHus [6].

HecMoTps Ha nperMMylecTBa BAHTOBBIX CUCTEM, UX BHEJ[pEHHE B apXUTEKTYPHYIO IPAKTUKY
TpebyeT yuyéTa psijla OrpaHUYEeHUM U PUCKOB, 0COGEHHO B YCJIOBHUSAX CJ0KHOW KJIMMaTH4YeCKOH
cpeapl. OfHOM U3 KJ/OYEBBIX MPO6JieM SIBJSETCS MOBBIIIEHHAs YyBCTBUTEJNbHOCTb TaKHX
KOHCTPYKIMM K KJIMMAaTHYeCKUM HarpyskaM — CHEroBbIM 3aHOCAaM, MOPBIBUCTOMY BETPY U
TeMIlepaTypHbIM INepenajaM. Kak MOKa3bIBAlOT HCCAe0BaHUS, NMPOBEAEHHbIE HA MpUMepe
TOProBO-pa3BJjeKaTe/bHOro LeHTpa «XaH lllaTeip» B AcTaHe, AJisi obecnedyeHUs] HaAEXHOU
paboThl BAHTOBOU CUCTEMBI B YCJOBHSX KOHTHHEHTAJbHOrO KJMMaTa TpebyeTcs BHeJpeHHe
NPOEKTHBbIX pelleHUuN, TaKUX KaK IpeJ/iBapUTeJibHOe HaMpsiKeHUe TPOCOB, HCIOJIb30BaHUE
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KOPPO3UOHHOCTOMKUX MaTepuasioB U TepMeTUYHbIX MeMOpaHHBbIX o6osiouek [13].
HepocraTouHoe BHHMMaHMe K 3THM aclleKTaM MOXeT IOBJiedb 3a CO60M HepaBHOMEpHOe
pacnpe/ie/ieHHe Harpy30K, yCKOpeHHOe CTapeHHe MaTeprasla U poCT 3KCILJIyaTallMOHHBIX 3aTpar.
A TaxkXe, BaHTOBble KOHCTPYKLHUH TpPEOYIOT PpEryJspHOro TeXHUYEeCKOro KOHTpPOJsA U
KOPPEKTUPOBKU HATSXKEHHUS, YTO YBEJUYUBAET CTOMMOCTb >XM3HEHHOIO IMKJIa COOPYKEHHUS.
TakuM 06pa3oM, TeXHUKO-IKOHOMHUYECKHE XapaKTEPUCTUKU NOJ0OHBIX KOHCTPYKLMHU JO/DKHBI
OLIEHUBATbCl He TOJIbKO Ha 3Tale CTPOUTENbCTBA, HO U C YYETOM HX [JOJTOCPOYHOU
skcmyaTanuu [13]. B ¢BSi3u c BblllenepevyrcleHHbIMA HeraTHUBHBIMH acleKTaMH BaHTOBbIX
KOHCTPYKLMH M COOTBETCTBEHHO BBICOKOW CTOMMOCTBIO UX CTPOUTENBbCTBA U IKCIJIyaTalUH,
JlaHHble KOHCTPYKTUBHbIE CUCTEMbI JJOKHbI IPUMEHATHCH B CO3/1aHUM KPYNHbIX YHUKa/JIbHBIX
COOpY>KEHUH, TaKUX KaK: OJIMMIMUNCKHE CTaJUOHbI, TOProBO-pa3BJieKaTe/JbHble KOMILJIEKCHI,
BbICTABOYHbIE MaBUJIbOHbI, MOCTBI U T.IN.

Hapsily ¢ KOHCTPYKTUBHBIMM M 3CTE€TUYECKUMU (QPYHKLIUSIMH, BAaHTOBble KOHCTPYKLUHU
OKa3bIBAalOT 3HAYUTEJbHOE BJMSIHUE Ha COLMaJbHOE BOCIPUATHE U HCIOJIb30BaHUE
apXUTEKTYPHOr0 MpocTpaHcTBa. MX crnoco6HOCTb POpMHUPOBATh OTKPbITble U T'MOKHE 30HBI
CIOCOOGCTBYET MHTErpalMd pas3jMuHbIX BHUJOB AKTUBHOCTU W MOBBbILIAET HWHKJIIO3UBHOCTD
ropoJickoi cpebl. HanpuMmep, B McciejoBaHUHU, IOCBSAIIEHHOM MIPOEKTHUPOBAHUIO HABECOB s
0OIeCTBEHHbIX 30H, YCTAHOBJIEHO, YTO HaBeChbl C BAHTOBbBIMU MOKPBITUSIMU MOBBIILAKT
IPOJO/KUTE/NbHOCTh MpebblBaHUSA JIIOAEW B OTKPBITBIX MNPOCTPAHCTBAX, CTUMYJUPYS KakK
WH/AUBH/lya/ibHble, TaK U IpymnnoBble ¢opMbl B3auMoJeUcTBUA [14]. AHa/iU3 pealrM30BaHHBIX
00beKTOB — TakKuUX Kak OJMMOUMHUCKUN cTafuoH B MioHxeHe wad HalnyoHa/lbHBIA LEHTP
MCIIOJIHUTEJIbCKUX UCKYCCTB B [leKMHe — JeMOHCTPUPYET, UTO apXUTEKTypa C NIpUMeHEeHUEeM
BAHTOBBIX CUCTEM CTAHOBUTCS KaTaJM3aTOPOM KyJIbTYPHOU aKTUBHOCTH, CO3/iaBas yCcJ0BUs )15
NpOoBeJIeHUsI MaCCOBBIX MePOINPUATUN U HepopMasbHOTro 061eHNUs. TakuM 06pa3oM, BaHTOBbIE
KOHCTPYKLMU MOTYT pacCMaTPUBAaTbCA KaK MHCTPYMEHThbl NMPOCTPAaHCTBEHHOW WHTeErpaluy,
BJUAKOIME HAa KauyeCTBO >KU3HHU, COLMAJIBHYIO CIJIOUEHHOCTb U KYJbTYPHYI HJEHTUYHOCTb
ropoja.

3ak/iloyeHue

B xoje mnpoBeseHHOro HCCAeAO0BaHUS Oblla IpoaHaJM3UMpPOBaHA CyllleCTBEHHash poOJib
NOJIBECHBIX KOHCTPYKLUMH B (POPMUPOBAHUU OOLIECTBEHHBIX U KYyJbTYPHBIX IPOCTPAHCTB,
NOJlUEPKHYB HMX IOTEHIMa/]l He TOJIbKO KaK TEeXHUYECKHWX pelleHWH, HO U KaK 3JIEMEHTOB,
dbopMUpyOUIMX COllMa/IbHOE B3aUMO/IeMCTBUE. BblJI0 yCTaHOBJIEHO, YTO BAHTOBbIE KOHCTPYKIIMH
He TOJIbKO 3CTETUYHbI, HO U 06ecredrnBaoT QYHKIMOHAIbHYI0 TMOKOCTb, KOTOpasi CIOCOOCTBYET
WHTEerpauuy pasJUu4yHbIX BUJOB COLIMAJIbHON U KYJIbTYPHOH AesTeJbHOCTU. AHA/IIU3 NMPHUMEPOB
YCIEIIHOTO HCIO0JIb30BaHUsSI BAHTOBBIX KOHCTPYKIUHA B apXUTEKType BbIIBUJ OCHOBHbIE
acrneKkTbl, KOTOpble CHOCOOGCTBYIOT CO3/laHUMI0 MHKJI3WBHBIX W MHOTOQYHKIMOHAJbHBIX
NPOCTPAHCTB. Mbl NPULIJIU K BbIBOAY, YTO MPUMeEHEHHE BAHTOBBIX CUCTEM MOXKET CYLECTBEHHO
NOBBICUTH JIOCTYIMHOCTb U aJAlITUBHOCTb OOIECTBEHHBIX NPOCTPAHCTB, YTO, B CBOIO OYepe/b,
NPUBOJUT K NOBBIIIEHUIO UX COLMATIBHOU LIEHHOCTU U KYJIbTYPHOM 3HAUMMOCTH. OCHOBBIBAsICh
Ha MOJIyYeHHbIX JAHHbIX, MOXXHO CKa3aTh, YTO BAHTOBble KOHCTPYKLMU SBJSAITCHA BaXKHbIM
MHCTPYMEHTOM /1JIs1 apXUTEKTOPOB U I'PaZlOCTPOUTE/IEN IPU POEKTUPOBAHUU 001LIeCTBEHHBIX U
KYJIbTYPHBIX MPOCTPAHCTB. TakKe Mbl OTMETUJU HEOOXOJAUMOCTb MPOBeAEHUs [AaJbHENIINX
UCC/leJOBAHUW B JaHHOW 00J1acTH, BKJIOYas acneKkTbl YCTOWYUBOCTH, WHHOBAIMOHHBIX
MaTepHuaOB U TEXHOJIOTUH, @ TaKXKe COLIMA/IbHOTO BJUSIHUS TaKHUX IPOCTPAHCTB Ha COOOI11eCTBa.
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TakuM o6pa3om, Hallle HCCIe0BaHUE MOAYEPKUBAET AKTYaJbHOCTb HUCIOJIb30BaHUSI BAaHTOBBIX
KOHCTPYKIIMM KaK crnoco6a co3/[aHUs JUHAMHYHBIX U TPHUBJIEKATEJNbHbIX OOIIEeCTBEHHbBIX
IPOCTPAHCTB, KOTOPbIe OTKPBIBAIOT HOBbIE BO3MOXKHOCTH [IJIsl B3aUMO/IEHCTBUS U KYJIbTYPHOTO
obMeHa. B 6yayiieM CTOUT 06paTUTh BHHUMaHHE Ha pa3HOOOpasue CnoCOOO0B HMCIOJIb30BaHMUS
3TUX KOHCTPYKIIUH B Pa3JIMYHBIX KOHTEKCTAX, YTO MO3BOJIUT PACIIUPUTh UX GYHKIIMOHATBHOCTD
Y BJIUAHME HA 06I1eCTBO.
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JLH. I'ymunee amviHdarsl Eypasusi yammeulk yHugepcumemi, Acmana, Kazakcmax
KoraMapbIK )K9He M3leHHM KeHiCTiKTepAi KypyAarsl acniajibl KYpPbLIbBIMAAPAbIH, PeJIi

AngaTtna. Acriasibl KOHCTPYKLMAIAp KOFAaM/BIK )KoHe M3/IeHU KeHICTIKTepAi Kypy/Za Lelyii
peJsl aTKapaTblH 3aMaHayu apxXUTEKTypaJblK [AW3alHHbIH MaHbI3Abl 3JIEMEHTIH Oinfgipeni.
Acnanbl KOHCTpPYKLHMAJAp €epKIiHZIK IeH XeHiNJIK aTMocdepacblH Kypa OTBIPBIN, Tipek
3JIeMeHTTEepPiHiH MUHUMaJI/Ibl CaHbl 6ap KeH KoHe alllbIK aiMaKTapAbl KypyFa MyMKIiH/iK 6epei.
Bys1 Makasiaza acnasbl )KyhesepAiH KOFaM/IbIK )KoHe M3/IeHU KeHIiCTIKTepiH QyHKLHOHA/bIFbI
MeH 3CTeTUKacblH JaMbITyFa 9acepi, COHJau-aK oOJlapAblH C3yJeTTiK QopMasapzbl
KaJIbIITAaCThIPyAaFbl peJli KapacTblpbLliaAbl. 3epTTeyAiH MakcaTbl Oiperer oHe THIMAI
KOFaM/IbIK KEHiCTiKTepAi Kypy YILiH acnasibl KOHCTPYKLMsJIapAbl NalJasaHyAblH epeKIleniKTepi
MeH apThIKIIbLIBIKTapbIH Taj1/jay 60JbII TabbLIaAbl. MaKasia apXUTeKTypaZa aclasbl XKyheaepai
COTTI KOJIJJAHY/|bIH, TEOPUSAJIBIK, aClIEKTIJIEPIH Jie, MPAaKTUKaJIbIK MbICAaJAApbIH Ja KapacTblpa/bl.
3epTTey KOJIAAHBICTaFbl KobajapAbl TajjayFa, oOpTypJli KOHCTPYKTHUBTI LIewliMJepAi
CaJIBICTBIPYFa >XoHE achajibl XyWesiepJiH TeOpHUSJbIK acleKTiJiepiH 3epTTeyre HeTi3/eJreH.
Herisri HaTwesnep acmajbl KOHCTPYKLUAJAAp QYHKLUUOHANJBLIBIK IE€H TYPaKThLIBIK
TYPFBICBIHAH [Jla TUIMJI allbIK »K9He 3CTEeTUKAaJIbIK TapTbIM/bl KEHICTiKTepAi Kypyfa bIKIaJ
eTeTiHIH KepceTeni. 3epTTey/iH, MaHbI3AbLIbIFbI aclalbl XKyHesepAi KOJ[AaHy *XoHe 0Jiap/blH
KOFaM/JIblK MaKcaTTaFbl 00beKTiJiep/liH, apXUTEeKTypacblHaFbl MYMKIHZIKTepi Typasbl 6i1iMai
KEHEWTy O0Jblll TabbuiaZbl. Bys KYMBICTBIH, TNPaKTHUKaJIbIK MaHbI3/bLIbIFbl KOFaM/bIK
KeHICTIKTepAi KypyAaFrsl aclajbl KYpblLIbIMAAPAbIH MYMKIHAIKTEPIiH TepeH TYCIHY XKaHe KepceTy

98 Ne1(154)/ 2026 JLH. l'ymunes amviHdarul Eypaszus yammuix ynugepcumeminiy XABAPIIBICHI.
TexXHUKAIbIK FblAbIMOAp HCaHE MEXHOA02UsLIAD CepUsiChl
ISSN: 2616-7263. eISSN: 2663-1261


https://doi.org/10.33622/0869-7019.2019.05.04-13
https://scienceforum.ru/2018/article/2018004515
https://doi.org/10.21833/ijaas.2020.04.010
https://doi.org/10.59215/tasarimkuram.405

PoJib BAHTOBBIX KOHCTPYKI MU B CO3/IaHUU 0611[eCTBEHHbIX U KYJIbTYPHBIX IPOCTPAHCTB

0OJIBIIT TaObLIAAbI.
TyiiH ce3aep: acnasibl KypbUIbIMAAp, KOFaM/bIK KEeHICTiKTep, apXUTEeKTypaJblK AW3aliH,
bYHKIMOHANBLIBIK, 3CTETHKA.

N.Zh Akzhigit", S.Sh.Sadykova
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
The role of cable-stayed structures in the creation of public and cultural spaces

Abstract. Cable-stayed structures represent an important element of modern architectural
design, playing a key role in the creation of public and cultural spaces. Cable-stayed structures
provide the opportunity to create spacious and open areas with a minimum number of supporting
elements, which creates an atmosphere of freedom and lightness. This article examines the
influence of cable-stayed systems on the development of functionality and aesthetics of public and
cultural spaces, as well as their role in the formation of architectural forms. The purpose of the
study is to analyze the features and advantages of using cable-stayed structures to create unique
and effective public spaces. The article discusses both theoretical aspects and practical examples
of successful application of cable-stayed systems in architecture. The research is based on an
analysis of existing projects, a comparison of various design solutions and a study of the theoretical
aspects of cable-stayed systems. The main results show that cable-stayed structures contribute to
the creation of open and aesthetically attractive spaces, which are also effective in terms of
functionality and sustainability. The importance of the research lies in expanding knowledge about
the use of cable-stayed systems and their capabilities in the architecture of public facilities. The
practical significance of this work lies in an in-depth understanding and demonstration of the
possibilities of cable-stayed structures in creating public spaces.

Keywords: cable-stayed structures, public spaces, cultural objects, architectural design,
sustainability, functionality, aesthetics.
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0Cc06eHHOCTH Pa3BUTHA TOProBbIX 00'bEKTOB ropoa ACTaHbl
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AHHOTauMA. B ucciae0BaHUM pacCMOTpPeHbl NPUMeEpPLI TOPTOBLIX 00'HEKTOB
ropoga AcrtaHbl. [lpu u3ydyeHUM cdepbl YCAYT BAXKHBIM SBJISIETCS
paccMoOTpeHHe TOProBO-pa3BJjieKaTebHbIX [IeHTPOB ropoza. B coBpeMeHHbIX
TOPrOBO-pa3BJ/ieKaTeJbHbIX  LEHTPaX OCYLIeCTBJSIOTCA TOProBble U
KyJbTYpPHO-ZOCYyTrOBble  mpouecchbl. JlaHHOe  coBMelleHUe  QYHKLUH
NpeJ/iCTaB/AsIET CJA0KHOCTh B MX pa3MelleHMH B ropojie U NOCaeAyHolleM
pa3BuTuMU. [losIHOUEHHBIA  mpouecc  OOCAYKMBaHUS B TOPTOBO-
pa3BJieKaTe/JbHOM LeHTPe BO3MOX€EH NMPU CO3JaHUU KOMGPOPTHBIX YCAOBUHN
JUIs ToceTuTesel W MepcoHasla. B cBowo odepeab 3To TpebyeT ydyera
KJIMMAaTU4YECKUX,  TPAHCOOPTHBIX,  COLMaJbHbIX  ycjaoBUi.  Llesbio
UcCC/eJoBaHUsl SIBJISIETCA BbIsIBJIeHUE OCOOEHHOCTeM pa3BUTHUS TOPTOBBIX
00'bEKTOB COLMAJbHOM UHPPACTPYKTYpbl B ropoje AcTaHe. AKTyaJlbHOCTb
Mcce/loBaHUsl CBsi3aHa C M3y4YeHHEM OCOOEHHOCTeW pa3BUTHS TOProBO-
pa3BJieKaTebHbIX IeHTPOB. B Mpoliecce McciefoBaHUsS NPOaHAIU3UPOBAHbI
3apy6exXHble PUMepPbl TOProBO-pa3BJieKaTebHbIX [EHTPOB. B MeTog0/10rHH
JlaHHOW paboThl BaXXKHOE MECTO 3aHUMaeT U3yUYeHHe PaCloJIOKeHHsI TOProBo-
pa3BJieKaTe/bHbIX LIEHTPOB IO MpeJCcTaBJeHHON cxeMe. Takke BOMPOC ObLI
M3ydeH B TpyJax 3apyOeXHbIX U OTeYeCTBEHHbIX Y4YeHbIX pPa3HOTo
HanpaBJyieHUsl. Pe3ysibTaToM paGoOThl SIBJSIETCS BbISIBJIEHHE OCOOGEHHOCTEN
pa3BUTHUS TOProOBO-pa3BJIeKaTeJbHbIX IEHTPOB [JJsl  YJAY4IIEeHUS HUX
JIOCTYIIHOCTH HaceJIeHUI0 TOPOJICKUX PAWOHOB: pPa3BUTHE BJOJIb TJIABHBIX
MarucTpasiel; CTPOUTENbCTBO B HOBBIX pallOHAX; HAJIMYKE JIYYLIero JOoCTymna K
JlAaHHBIM YuYpexJeHUusiM JJis HacejaeHus JleBoro 6Gepera. IIpakTuyeckas
3HAYUMOCTb PabOThI COCTOUT B HEOOXOAMMOCTU MPOEKTUPOBAHHUSI TOPTOBO-
pa3BJIeKaTe/bHbIX YYPEXJEHUN C y4eTOM BBISIBJIEHHbIX OCOGEHHOCTEH B
COBpPEMEHHbIX YCI0BUSIX.

KinroueBble c/10Ba: 00'bEKThl TOPTOBJIM, TOPTrOBO-pa3BJieKaTeJbHbBINA IEHTD,
MUKpPOpPANOH, couMaJbHash  HUHPPACTPYKTypa, TOPOJICKHEe  pPaKOHBI,
0011leCTBEHHbIE IIEHTPbI
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0co6eHHOCTH PA3BUTHS TOPTOBBIX 00'EKTOB Iropo/ia ACTaHbI

BBeageHue

KosmmyecTBO y4pexx/jeHUM TOProB/M eXerojHo yBeJWuuBaeTcd. JlaHHble OOBEKThI
COLMAJIbHOW MHPPACTPYKTYpPhI B IJIAHUPOBOYHOM CTPYKTYpe ropoJia UMEIT BaXKHO€e 3HAaYeHHUe.
B npouecce uCTOpUYECKOTO pa3BUTHUSA CTAJI0 HEOOXO0JUMBIM pa3MellleHHue TOProBbIX YYpexKJeHU !
B IpeJiejiaX NOBCEeHEBHOrO pajiuyca o6cayKuBaHUs. B HacTos1ee BpeMsi 0ObEKT COLlMaJIbHOU
MHPPACTPYKTYphbl - TOProBO-pa3BjeKaTeJbHbIN LIEHTP SBJASETCA OOLIeCTBEHHbIM 3/laHUEM C
60/1bIIMM KOJIM4YecTBOM QyHKIMel. CHMOMO03 HECKOJIbKUX HallpaBJieHU# cdephl ycayr B 0JHOM
3/JaHUU T03BOJISIET CO3JaTh 6J1aroNpUATHbIE YCJI0BUS [J1s TOPToB/IKM. MHOroo6pasue chep ycayr
BJIMSIET Ha YBeJIMUEeHUE KOJIMUecTBa nocetuTesel. CTPyKTYpPHBIMU eJUHUIIAMHU [IJIAHUPOBOYHOM
CTPYKTypbl TropoJa AcTaHbl SIBJASIOTCA aJMUHUCTPAaTUBHO-TEPPUTOpPUAJIbHblEe palOHbl H
MUKpPOpaloHbl. B aAIMUHUCTPAaTUBHO-TEPPUTOPHAIbHBIX FTOPOJCKUX palloHAX ACTaHbl €3Kero/iHO
bukcupyeTcs  yBeJMYeHUMe YMCJIEHHOCTU HacesJeHUsA. [JaHHbBII MOMEHT OTpakaeTcs Ha
NOBbILIEHUU HArpy3Kd Ha OOBEKTbl COLMaJbHOM HWHpacTpyKTypbl. HexBaTka MecT B
yUpEeXAEHUSAX 00CAyKMBaHUS MOKAa3bIBAET BAXXHOCTb 0bOecledyeHrs JJOCTaTOYHOr0 KOJMYeCcTBa
06bekToB [1]. CoBpeMeHHas1 cucTeMa OOCJAY>KMBaHUSA JOJ/DKHA YYUTbIBaTb QYHKLHOHAJIbHbIE
30HbI /IJ151 IPOXKMBAaHUS HaceJIeH!Us, OT/ibIXa U paboThI.

B 37aHuMM TOpProBo-pa3BjeKaTeJbHbIX LEHTPOB HapsAy C TOProBbIMU (QYHKLUAMHU
COCpelOTaYUBAIOTCH JIOMOJIHUTE/bHble CMeXHble (QYHKIMU. B MJIaHUPOBOYHOW CTPYKType
ropo/ia JJaHHble 3/JaHUsl IPUOOPETAOT BaXkKHOe 3HaYeHUe. byiaroaps coueTaHUIo pa3HbIX chep
006C/y>KMBaHUsl, JaHHbIM THUN OOIIECTBEHHBIX 3/JaHUM MMeeT TEeHJEeHLHI0 K HOBIIECTBAM U
M3MeHEeHUM. B cTpyKTypHOU efjMHU1le TOPO/ia, KaK TOPOJICKOM palloH CYylLIeCTBYeT exxe/iHeBHasl
HOTPEOHOCTh B 06'b€KTaX TOProBJU. ITUM OOYC/J0BJEHO NMPOEKTUPOBaHHUE TOProBO-0QHUCHBIX
MOMeELIEeHUN B YaCTH BCTPOEHHbIX MOMEIEHUH KUJIbIX KOMIIJIEKCOB U IPYTUX 3[JaHUH.

ToproBo-oducHble NOMeLeHUs Ha IEPBOM 3TaXKe ABJASIOTCSA BaXKHeHLIel 4aCTh0 FOpoiCKOM
yJULbl, ONpeAessoUMM TFOpOJiCKMe MPOCTPAHCTBA U CJAYKAIIMMHU 30HAMU B3aUMOJEWCTBUSA
MeXJy JIAbMH U MecTaMU. B TropojcKux NPOCTPAHCTBAaX SIBJSETCA BaXKHbIM CO3/aHUE
FapMOHUYHOW CpeJibl JKUJIbIX U OOIIeCTBEHHbIX 3JjJaHUW. OpraHusanys TaKoOW TEepPpPUTOPUHU
CBsi3aHa C O03eJIeHeHUeM, JJoporaMu, TpoTyapaMH, YTO BJUseT Ha GU3UYECKOe U NCUXUYECKOe
3/10pOBbe  HacesieHHWs. B3auMoOCBsI3b 3JaHUM U MPOCTPAHCTB OTpakaeT TrapMOHHUYHOE
COOTHOILIEHUE 06 BEKTOB B CUCTEME 0OCIYKUBAHUSA [2].

B xoze wucciaefoBaHHUSI — MOCEN[AEMOCTHM  MarasuHOB  ObLIO  YCTAaHOBJEHO, UTO
NPOCTPAHCTBEHHbIM KO3QPUIUEHT BUTPUH Mara3vuHoB, KO3 UIMEHT TIJyOUHbI BUTPHUH
MarasvuHOB U NPOCTPAHCTBEHHAs! CBS3HOCTb TOProBbIX IJIOIIAZel 0Ka3bIBAIOT MOJIOXKUTETbHOE
BJIMSIHUE Ha MMPOCTPAHCTBEHHYIO YKU3HECTIOCOOHOCTb FOPOACKUX TeppUTOopuil [3,4].

TeppuTOopua/sbHBIE POCT TroOpoja aKTyaJU3UpPyeT Mpo6JieMy HW3MEHEHHUH JKUJIbIX U
00l1leCTBEHHbIX 3/JaHUN B MpejiesiaX CTPYKTYpPHbIX eAUHUL. ['opojckue pailoHbl 0XBAaThIBAIOT
60JIbLIYI0 TJIOIIA[b TOPOJACKOM 3aCTPOMKM C JKUJBIMA M OOLIeCTBEHHbIMHU 3/laHUSIMHU.
Bo3pacTaHue HacesieHUSI B KaXXZ0OM MHKpOPaWOHe CTAaBUT 33Jjladyd MOMCKA 3KOJIOTHYHBIX U
TpPaHCNOPTHBIX peuieHUH. Takke B cTpyKType roposoB CeBepHoro KazaxcTaHa BaXKHO y4ecThb
dakTop ki1uMara [5-8]. MHOropyHKIMOHa/IbHbIE 3JJaHUS MOTYT PacCMaTPUBATbLCS, KaK 3JaHUS
JIJIsl TOPTOBJIM U NPOBEJIeHHUS A0CyTa.

B KpymHbIX ropojiax yBeJIMYMBAETCS HAaceJeHHUE, YTO BeJIET K POCTY KOJIMYecTBa PaloOHOB.
JUIs Ka0ro palioHa ropojia He YYTeHO HaJIidue TOProBO-pa3BJjieKaTeJbHOTO IEHTPa, YTO
NPUBOJUT K TPAHCIOPTHOW 3arpyKeHHOCTHU. Pa3BijieKkaTesibHble LEHTPbl OTJAAJEeHbl U
pacroJiokeHbl He paBHOMepPHO. Takke [eHTPbl HE pAaBHOLEHHBI 110 COCTABY MpeACTaBJIeHHbIX
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YCJIYT.

B HacTosinlee BpeMs Bo3pacTaeT NMOTPeOHOCTh B YCJAyrax TOProBbIX IIeHTPOB. LleHTphnl B
ropojiax INepecTawT ObITb 00bEKTaMH C 3MU30[AUYECKON 4YacTOTOW IM0Jib30BaHUA. JlaHHBIe
00beKTHI N0/, BO3J€NCTBUEM OTJEJbHbIX CONMYTCTBYOUIMX GAaKTOPOB Ha TEPPUTOPHUU PalOHOB
MOTYT OBbITb BOCHPUUMYHMBBI K MOTPEOHOCTSIM KOHKPETHOro pakoHa ropoza. [laHHbIMHU
OTJIMYUTEJbHBIMU (GaKTOpaMU MOTYT ObITb HE0O6XO0JHWMOCTh yuypexaeHui QuTHeca,
NapUKMaxepCKOH, BbICTABOYHBIX rajsiepei. Takke 3aKOHOMEPHBIM NPOLLECCOM SIBJISETCH y4eT
MCTOPUYECKH CIOXKHUBIIMXCA CBAA3€M MeXAY 3[JaHUSIMU U NIepCHeKTHUBA UX Pa3BUTHS.

AKTya/JIbHOCTb M3y4eHHUs J[AaHHbIX OCOOEHHOCTEeH COCTOMT B HeOOXOJMMOCTH aHaln3a
M3MeHeHUs 3HayeHUsl TOPrOBO-pa3BJjeKaTeJbHbIX LIEHTPOB B rOpo/ie, U3y4eHUs1 BONPOCOB UX
pacroJioKeHUs1 B Hay4YHOU JIMTepaType pa3HOro HanpaBJ/ieHus, B IPaKTHKe IPaZloCTPOUTENbHOTO
IPOEKTUPOBAHUSA FOPOJOB U UX PallOHOB.

llenb JaHHOrO HCCAEO0BAaHUS — pPACcCMOTPeTb U ONpeAeUTb COBPEMEHHble acCHeKThbl
pa3BUTHUS TOProBO-pa3BJieKaTebHbIX LIEHTPOB B CTPYKTYPHBbIX eAUWHMLAX ropoja AcTtaHbl. B
X0Jle paboTbl pacCMaTPUBAKOTCA aJMUHUCTPATHBHO-TEPPUTOpPUAJIbHbIE pPAalOHbI, U3y4YalOTCs
TOProBO-pa3BJjieKaTeJIbHble IEHTPbI B roposie AcTaHe.

3HayeHUe JAaHHOW pabOThbl COCTOMT B PAaCCMOTPEHUHM OCOOEHHOCTEW  MPOEKTUPOBAHUS
00'beKTOB COLIMa/TIbHOW HHPPACTPYKTYPhI chepbl TOPTOBJIU. BarkHOUN YacTbio paboThI SABJISETCSA
BHUMaHUeE K BOIIPOCAM eXXe/IHEBHbIX U 3MU30UYECKHUX YPOBHEN 00CTYKUBAHUS.

MeToaos10rus
B pab6oTe u3y4yaeTcsi COBpeMeHHOEe COCTOsiHUe TOPTroBbIX OOBEKTOB B IJIAHHUPOBOYHOM
CTpyKType ropoja ActaHbl. ToproBo-pa3B/eKaTesibHble LEHTPbl SBJASAITCI O06beKTaMHU
COLMa/JIbHOW HMHQPACTPYKTYpPhl, KOTOpble CIOCOOHBI OTpaKaTb COBpPEMEHHble HW3MEHEHUS B
NOTPeOHOCTSAX HaceseHUs. MeTo,0/10THs MCCIe[JOBAaHUS OTPpakaeT U3ydeHHue JaHHbIX:
® UM3y4yeHHUe TOProBO-pa3BJieKATeJbHbIX LLEHTPOB roposa ACTaHbl;
® paccMOTpeHMe JJaHHbIX UCCIe0BaHUIN 3apyOeKHbIX U OTeYeCTBEHHBIX aBTOPOB;
® CTAaTUCTUYECKUM aHAIM3 JJaHHBIX, 103BOJISIOLUIMHI BbISBUTh HaJIMYMe TOPTOBbIX 00'bEKTOB
COLMAJIbHOU UHPACTPYKTYPhI;
® (XeMaTUYeCKHU aHaIM3 PacoJioXKeHUs TOPrOBO-pa3BJieKaTebHbIX LIEHTPOB B TOPOJICKUX
aIMUHUCTPATUBHBIX pallOHaX Tropojia, KOTOPbIA I03BOJIUJI BBIIBUTh OCOOGEHHOCTH
pa3BUTHS 0O'BEKTOB.

Pe3sysibTaThl U O6CYKaeHUue

B cTpyKTypHBIX e JUHUIaX TOPO/ia pa3BUBAETCS MPOEKTUPOBAaHUE COBPEMEHHBIX 3[JaHUH, KaK
TOProBO-pa3BJ/ieKaTe/ibHble LeHTpbl. JlaHHble TOProBble YYpeXAeHUs COLlMa/IbHOU
MHQPPACTPYKTYpPbl MOTYT pacloJiaraTbCs, Kak B OTJAEJbHO CTOSIIMUX 3[@aHUAX TaK U B COCTaBe
BCTPOEHHBIX I3TaXel KUJbIX KOMIUIEKCOB. OOBEeKTbl TOProB/jv (MarasuHbl) SIBJSIOTCSA
yUYpeXJeHUSIMU  [OBCEJHEBHOTO  OOCHYXMBaHHUS. IJTO CBS3aHO C  BO3MOXXHOCTBIO
cocpefoTavynBaTh 0O0JibLIOE KOJHUYECTBO HaceJieHWsI Ha OCHOBE eXeJHEeBHBIX NMOTPeOHOCTeH
HaceJeHUs.
AKTHBHOE pa3BUTHE PbIHOYHOM 3KOHOMUKHU B 90-ble roibl IPUBEJIO K POCTY KOJIMYECTBA YaCTHbIX
TOPrOBBIX y4YpEeX/JeHUH, YBeJMYEeHUI0 00'beMa PO3HUYHOW TOPrOBJIM, POCTY acCOPTUMEHTa U
KayecTBa ToBapoB. B nepuoa ¢ 1991 roga c o6peteHreM He3aBucuMocTH Pecniy6inku Kasaxcran
cTaayd  OoJiblle  BO3BOAWUTHLCA  TOProBble  OOBEKTHI, JJisI  KOTOPBIX  XapaKTepHa
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MHorogyHkuuoHaabHocTh [9,10]. Ha TeppuTOopus ropoACKHX MHUKPOPAWOHOB CTPOUJIKCH
TOProBble JOMa C IIMPOKMM AaCCOPTUMEHTOM TOBapoB. B cocTaBe TOproBbIX JOMOB Ha
TEPPUTOPHUU MHUKpOpaloHa NMPUCYTCTBOBAJIM CTOJIOBbIE, alTEKH, NAapUKMaxepCKue U Jpyrue
OTJieJ/Ibl IPO/IA>KU TOBApOB. /laHHble 06'bEKThI 103BOJISAJIM NPUOIU3UTH 00'bEKTHI 00CIyKUBaHUA
Jl/Isl HaceJleHUs, TaK KakK ObLIM COCpelOTOYEHbl B OJHOM 3JaHHUU. PocT HaceseHUsi ropoja
00yC/I0BUJI TIOSIBJIEHHE TAKUX 00'bEKTOB BO MHOTUX pailloHax ropoja. PacnosioxxeHre TOProBbIX
yUpEeXJEeHUH B COCTaBe MHUKPOPAWMOHOB NpUOJMKAeT 00beKTbl HaceJeHUI0. YMeHblleHUe
4acTOThl IepeJBUKEHUsI HaceJleHUs Ha OO0JiblIMe PacCTOSHUS UCKIYaeT 3arpy>KeHHOCTb
TPAHCIOPTHBIX HallpaBJIEeHU M.

PacnosioxkeHre B cocTaBe OJJHOTO 3J/laHMSl MarasvuHOB OJeX/bl, Kade, cynepMapkera,
KMHOTeaTpa, duTHeca, CaJIOHOB KpacoThl, aBTOMOMKH HoKa3aJjio BaXKHOCTb
MHOTOQYHKIMOHAJIbHOCTH  yupex/JeHUu. MHOropyHKIMOHAIbHbIE OOBEKTbl CIHOCOOHBI
pa3BUBaTh pa3Hble cdepbl yCaAyr B KOMIAKTHOM MHUKpPOpaloOHe U TepPUTOPHUATIbHO-Pa3BUTOM
rOpOJICKOM pauoHe.

C Hayasia 2000 roZj0B B ropo/ie MOCTPOEHbI TOPTrOBO-Pa3BJieKaTENbHbIE [EHTPHI - 00'bEKTHI C
60/1bLI0ON MJIOIaAbI. B roposckux paloHax NpezcTaBJieHbl CJleAyHliue TOProBble 0O'bEKTHI:
"KepyeHn cutu" (2007r.), "Kepyen" (2008r.), "Xan Watsip"” (2010r.), "Mega Silk Way" (2017r.),
"Capplapka" "(2008r.), "Asug mnapk"(2009r.), M®K "A6y-Jaou I[lnaza" "(2022r.),"EBpazus”
"(1999r.), "Apyxan"(2012r.), "Astana Mall"(2012r.).

ToproBo-pa3sBJiekaTesbHbIE LIEHTPbI OTJIUYAIOTCSA BKIYEHUEM YCAyT chephbl pa3BieyeHuH,
KaK KUHOTeaTp, UrpoBble, 60yIUHT, QyaKOpPThL.. Bo BpeMs ce30HHBbIX NepenajioB TeMIepaTyp
TOPrOBbI€e LIEHTPbI IPE0CTABJASAIT BO3MOXXHOCTH AJ14 fAocyra. LIupoKui cieKTp TOBapoOB U yCIyT
B Ipejesax 3[aHUA CO3JaeT YCJOBUA JJ NpOBeJeHHUs J0Cyra U COBEpLIeHUS IOKYIOK.
ATpHUyMHOEe NPOCTPAHCTBO TOProBO-pa3BJ/eKaTeJbHbIX LIEHTPOB BMelLaeT 60J1b1I0e KOJUYEeCTBO
JIIo/led ¥ co3/iaeT KOMQPOPTHBIE YCI0BUS NPeObIBAHUS.

[Ipu paccMOTpeHHH TOPOJCKUX CTPYKTYPHBIX € JUHUL, OTMeYalTCA KJI4eBble 0COOEHHOCTH
pasBUTUA  TOPrOBO-pas3BJIEKATEeJbHBIX  LEHTPOB:  COLMaAJbHBblE, TPafOCTPOUTEJIbHBIE,
peKpealnoHHble, TPAHCIIOPTHbIE, K/IMMaTU4YeCKHe.

[loTpeOGHOCTD B exKeJHEBHOM IOCELeHUU TOPTrOBbIX 00'bEKTOB - XapaKTepHasi 0COOEHHOCTb,
Bbl/leJISII011asl YHUBEPCAJIbHOCTD JJaHHBIX YYpex/JeHUH. B cTpykType roposckoro o6cy>kuBaHus
BbI/IeJIIIOTCS TOPrOBble 0O'bEKTHI COLIMAJIbHONM MHPPACTPYKTYPhI pa3HbIX cPep yCayT.

Ha TeppuTopuu roposa ActaHa NpUCYTCTBYeT PO3HUYHAs TOPTOBJIS B COCTaBe >KUJBIX
KOMIIJIEKCOB BO BCTPOEHHBIX MOMeEIEHUAX MEePBbIX 3TAXKeH U B OTZeJbHO-CTOAIIUX 3[aHUSAX.
KitoueBbIM MOMEHTOM BBICTyNaeT IOCTOSHHOE pa3BHTUE PO3HUYHOM TOPTrOBJU BO BCeX
MUKpOpailoHax. B npocTpaHcTBe palOHOB 1 MUKPOPAMOHOB CyIlleCTByeT PO3HUYHAs TOPrOBJISA
Ha OCHOBe INPOCTPAHCTB TOPTrOBO-pa3BJIEKATeJbHOIO LIEHTPa, pPa3BUTHE BJOJIb TIJIABHbIX
MarucTpaJjel U pa3BUTHE B COCTaBe PbIHKOB.

B naHHOU cTaThe HccleAyeTcsl pa3BUTHE TOPTroBO-pa3BJ/eKaTesbHbIX LIEHTPOB B ropo/e
Actanbl. [Ipyu paccMoTpeHUH TOProBO-pas3BJieKaTeJbHbIX LIEHTPOB 0003HaYeHO rpynnupoBaHue
JlaHHBIX 3[]JaHM# B ropo/ckux paoHax Ecunb, Hypa u Anmara.

B cTpykTypHBIX eAuHHIIAX TropoAa AcTaHa pa3BUBAKOTCS KpPYINHble TOPTOBO-
pasBJieKaTesibHble LeHTPbl. B roposckoM paitoHe Ecuib HaxoasaTca o6bekThl - TPL "Mega Silk
Way", TPI] "Kepyen", "M®K "Ab6y-/labu [11a3a". B ropogckom parione Hypa HaxoasaTca TPL, "Xan
ateip”, TPL, "A3usa napk"”, TPL] "Capsiapka”, TPL "KepyeHn cutu. B ropoackom paiioHe AimaThl
HaxogsaTca: "TPL "EBpasus”, TPL] "Apyxan", TPL] "Astana Mall". B ropoackom paiione Capallibik
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HaxoauTcs - TPL "lamy".

B nmsaHMpPOBOYHOU CTPYKType ropojckoro paioHa Ecuib pasMelieHa nemexojHasi 30Ha
BozHo-3esneHoro 6yJsbBapa. /laHHasA NJIaHMPOBOYHAs OCh 3CIJIaHA/bl 0OyCcTpoeHa GpOHTaHAMH,
[IBETHUKAMH, JlepeBbsIMU U CKaMeHlKaMH.

Tepputopus BojHo-3eseHoro GysbBapa OXBaThlBaeT MelleXOJHble MYTH, CBS3bIBalOLIUe
TOproBo-pa3sJsekaTesbHble LeHTpbl TPL "Kepyen", TPl "Xan Ulateip”, TPL, "A3susa napk", TPL]
"Capplapka”.  /laHHble CBsI3M 00Opa3ylT IellexX0/[Hble 30Hbl, KOTOpble pachoJaraloT K
KOMQOPTHOMY JIOCYyTY O0COOGEHHO B JieTHee BpeMsd. [lapasijiebHO K OyJibBapy pachoJioKeHa
rnaBHasg yauua  Capanwbik, yauna CeiraHak, yaunbl /[I.KonaeBa u /[locteik. HacesneHnwue,
IpOKMBaKllee B JAHHbIX y4aCTKaX ropo/ia, 06/1aZjaloT MU POKUM JOCTYIIOM K yCayraMm TOproBo-
pa3BJieKaTe/bHbIX LIEHTPOB.

OfHako mpHU MCCIeJOBAaHUU OCTa/IbHbIX FOPOJCKUX PAallOHOB ropoja AcCTaHbl OTMeyYaeTcs
cleyollee: cocpefloToueHUe 00beKTOB B pailloHe Ecunab u Hypa; oTcyTcTBHE TOProBo-
pa3BJieKaTe/bHbIX LIEHTPOB B TOpoJCcKUx paiioHax Capblapka ¥ balikoHyp. Ha TeppuTopuu
paiioHa Capaiwbik oTKpbIT TPL[ "/lamy". KpynHble ToproBo-pa3B/ieKaTeJibHble LeHTpPbl He
OXBaTbIBAOT TOpO/ICKMe pailloHbl ropoga. Ce3oHHble MNepenajabl TeMIepaTypbl BbISABIASAIOT
OTJlaJ/IEHHOE pacloJioXkeHue 06’beKTOB. B Temioe BpeMs rojia nepeiBU>KeEHHE MOXKET ObITh 60Jiee
KOMGOPTHBIM. JIOCTYIIHOCTb TOPrOBbIX OOBEKTOB CHMXKAeTCd NpPU HeOb6XO0JAUMOCTHU
npeoj0JieBaTh OOJIbLIKE PACCTOSIHUSA.

JKOJIOTUYECKUU acleKT NPOEKTHUPOBAHUS.

B ocyuiecTBJieHMM  [JIOCTYIIHOIO  OOGCAY>KMBaHWSI ~ HaceJeHUs Tropoja TOProBO-
pa3BjieKaTe/JbHbIMU LeHTPaMU He00X0JMMO BbIZEJUTh BaXXHOCTb YCJOBHUH COBepLIEHUS
NOKYIOK U IpOBeZleHue 0CyTa.

BkiloyeHrne B NPOCTPAHCTBO  TOPTrOBO-pa3BJieKaTeJbHbIX  LE€HTPOB  3JIEMEHTOB
Ja"AmadpTHOro Av3aliHa SIBJSETCS NMPUEeMOM IMOBbILIEHUsS KOMQOPTHOCTH B 3IKCIJIyaTallUU
3aHuA. B ropojckoM MNpoOCTpaHCTBE OT/EJNbHO-PACHOJIOKEHHbIE TOProBble O0O0BEKThI
HeoOX0MO CBA3aTh C OKPYKalllel cpefjor 03eJleHEHUEM U OTKPBITBIM CaZjOM.

B nccnesoBaHMU pacCMOTpPEHO pa3BUTHE 3[aHUM TOPTOBJIM Ha TeppUTOpUH JleBobepexHOU
4yacTu ropojia Bosb BogHo-3eseHoro 6ysibBapa. Pa3BuTre n1aHMPOBOYHOM CTPYKTYpbI rOpoja
NOKa3blBaeT CBA3b HalpaBJeHW BogHo-3es1eHOro 0y/1bpBapa, TIMHENHOTO NapKa, 00TAHUYeCKOT 0
caja u OJkcrno mnapka. CdopMupoBaHHble peKpealUd JAONOJHAKT (QYHKLHOHAJIbHbIE
BO3MOXXHOCTH TOPrOBO-pa3BJjeKaTeJbHbIX LLeHTPOB. [I[pocTpaHcTBa NoAAEpXKUBAIOT YCTOWMYUBOE
pasBUTHe ropoza. B cBoio oyepeib 3cTeTMKa U KOMQOPT ropoja CIOCOOGCTBYIOT pa3BUTHUIO
TYPUCTHUYECKOU OTpaACIIH.

TeppuTtopus ropoAckux paiioHOB ropojia ACTaHbl pacrnoJsiaraeT HaJu4MeM 30H peKpeanui,
KOTOpble CIOCOOCTBYIOT OCHOBAaHMIO MeUIeX0JHbIX CBS3eH MeX/y 00IleCTBEHHbIMU 3[JaHUSIMU.
Hanuuue pekpeaunn ¥ O0OlIeCTBEHHBIX 3JaHUU Ha TeppuTtopuu JleBoro Oepera 1o
IJIAHUPOBOYHOM OCH B [IBYX HallpaBJI€HUSX MO3BOJISIET peaju30BaTh IPOCTPAHCTBEHHBIE CBSA3U
B CTPYKType ropojia. B ka>xiloM U3 npoCcTpaHCTBEHHbIX YYaCTKOB CIIPOEKTHPOBAaHbl BU3yaJbHble
opueHTHUpBHI], Kak XaH lllaTbip, baliTepek, 3nanue Ikcno.

[lo msaHupoBo4YHOW ocu BopaHo-3eseHbI Oy/JbBap pacloJiOKeHbl YeThbipe TOProBO-
pasBJieKaTe/JbHbIX LieHTpa. HeobxoAWMO OTMETUTb, UYTO [aHHble T[ellexXOJHble CBA3U
00'beJUHSAIOT 00IeCTBEHHBIE U KUJIble 0O'BEKTHI. Y4uTbIBas peKkpeanuy MOXKHO yJIy4IIUTh
KOMQOPTHOCTb OOC/IY>XMBaHUs. IJTO OJHOBPEMEHHO VyJy4yllaeT JOCTYIHOCTb Ipolecca
COBeplIeHUs OKYIOK U YCI0BUS A0CYyTa.

106 Nel(154)/ 2026 JLH. T'ymunes amoiHdarsl Eypasusi yimmuik yHueepcumeminiy XABAPILBICEI.
TexHUKQIbIK FblAbIMOAP HCaHE MEXHO102USap CePUSIChI
ISSN: 2616-7263. elSSN: 2663-1261



0co6eHHOCTH Pa3BUTHSA TOPTOBBIX 00'BEKTOB ropojia AcTaHbl

KiimMaTu4ecKny acleKkT IJIAHUPOBAHUSA

Pe3KO-KOHTUHEHTa/JIbHbIM  KJMMaT Tropoja
KPYTIJIOTOAWYHOTO MCIIOJb30BAHUS OTKPBITBIX NPOCTPAHCTB. B NJIaHMPOBOYHOM peLIeHUY,

aTpUyM TOProBO-Pa3BJIEKATEJbHOrO LIEHTPa pacnoJsiaraeT K OpraHU3allMid MepONpUSATHH, KaK

AcTtaHbl ITOKAa3bIBAET HEeBO3MOKHOCTb

pe3eHTalUH, SPMApPKU U BCTPEUH.
B x0/10/1HO€ BpeMs ro/ia TOProBO-pa3BJieKaTe/IbHbIE LIEHTPbI IPEAOCTABISAIT BO3MOKHOCTH

K NPOBEJEHUIO [0CYra, YTO BAXXHO yYMTHIBAaTh NPU PAa3BUTUU B TOPOACKUX paroHax. Paguyc

AOCTYIIHOCTH TOPIOBLIX 06'bEKTOB BaXKeH AJid HaCeJIeHU .

TpaHcnOpTHBIN aceKT NPOEeKTUPOBAHUS.
PacnosioxkeHre TOProOBBIX IIEHTPOB B KaKAOM M3 IJIAHUPOBOYHBIX T'OPOJICKMX PAHOHOB

CIIOCOOHO CTaTh OCHOBOM K 00OeCrneyeHUI0 JIOCTYMHOTo o6cayKuBaHusA. OJHUM HU3 NPHUMEpPOB
apaseTcsa pa3menieHue M®PK "Ao6y-/labu [lnaza". B 3aaHMM mpeaycMOTpPeHbl BBIXO/bI IO

HalpasJeHUIo K ctaHiuu LRT.
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PucyHok 1. CxeMa nemexoHO-NIpOTyJIOYHbIX 30H
[IpruMedaHure: cCOCTaBJe€HO HA OCHOBAaHMHU JaHHbIX [2,4,6,15]

B cocTaBe TOproBo-pasBJieKaTeJbHBIX IEHTPOB HY)XHO NpeAyCcMaTpUBaTbhb OCTAHOBKHU
obuectBeHHoro TpaHcnopta M LRT. WHTerpauusi Takux ¢QyHKIUOHAJbHBIX 30H CIOCOGHO

YBEJINYHUTD KOM(l)OpT U KOJIN4YeCTBO HOKynaTeneﬁ. B ocobenHocTH ﬂaHHbIﬁ KpI/ITepI/Iﬁ BJIUAET Ha
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JOCTYIIHOCTb yUpeXJeHUH JJI1 HaceJIeHUs.

CouManbHBIM aclleKT NPOeKTUPOBAHKUA.

Posib TOproBo-pasBJjieKaTe/IbHBIX LIeHTPOB eXeroJHo MeHsdeTcs. Jlocyr B3pOcJoro yejoBeKa
B Oy/lHUe JHUA 3aBUCUT OT BPeMEHH, TaK KaK 3aHATOCTb He pacnoJiaraeT K NpOoJ0/KUTETbHBIM
nporysakaM. [opoxaHe exxeZJHEBHO NOCELAIOT NNPOJO0BOJIbCTBEHHbIe MarasuHsbl. Pacxos BpeMeHHU
Ha JlaHHble HalpaBJeHUs] MOXET ObITb COKpalleH MPU KOHLIEHTPalMU JaHHbIX cdhep B eUHOM
3aHUU. ToproBo-pa3sBJ/ieKaTes/ibHble LEeHTPbl IUVIAHUPYKOT 3HAYWTEJbHYH IUIOWAAb [JJId
byakopTa, MHAYCTPHUIO pa3BjedyeHUN (KMHOTeaTpbl, O0YJUHIH, AeTCKUe UTrpoBble). PO3HMYHas
TOPTOBJISI OXBAaThIBaeT MeHbIlle BHYTPEHHUX NpocTpaHcTB [11,12].

[Ipy u3yyeHHWU TOPTOBBLIX LIEHTPOB 3apyOeXXHbIX CTPaH BbIsIBJieHA CMeHa NpejlnoyYyTeHUuH
nocerutesned. B 2000 - ple robl TOproBo-pasBjeKaTesJbHble LEHTPHI NpeJHa3HA4YaJIUCh [JIS
IOKYINOK M 00lleHUus C Apy3bsaMu. [locse nmepuosia akTUBHOI'O Pa3BUTHUs OHJIAWH MOKYIOK U
o0lLeHUs B MecCeH/pKepax poJib TOProBbIX LEHTPOB MeHsieTcsl. CoBpeMeHHble YCI0BUSA
MOKa3bIBAIOT, YTO BAXKHO y4eCTb 00pa3 KU3HU YesJ0BeKa, KOTOPOMY BaXKHO ero BpeMs.

CorsiacHO MpOBeJIeHHOMY OINpPOCYy CpeAd TpeX BO3pPaCTHbIX T[PYNN HaceJeHUs OblIo
YCTaHOBJIEHO CJIeAyIollee:

e [logpocTky mocemarOT TOProBble LEHTPbI JAJA MOXOJO0B B KUHOTeAaTp M pPeCcTOpaHbl,
IPOCMOTP NOKYNOK C BO3MOKHOCTBIO Jla/IbHeH1Iel IOKYIIKK B UHTEPHETE;

e MoJsioZieXKb paccMaTpyBaeT TOProBblM LIEHTP, KAK MECTO MOKYNOK, GUTHEeca U MOX0/I0B B
pecTopaHbl B 06e/leHHOe BpeMs;

e B3spocsoe HacesneHue NMojYepKUBaeT TPaJULMOHHOe 3HAaYyeHHME TOProBOr0O LEHTPa, Kak
yA06CTBa COBEpPILIEHUS TOKYIOK HENOCPEACTBEHHO HA MECTE.

e [[1aHMPOBOYHBIMN aCNeKT NPOEKTHPOBAHHUA.

e [lpy NpoeKTHPOBAaHUM TOProOBO-pa3BJieKaTeJbHbIX LEHTPOB BJOJIb IElIeXOJHbIX 30H,
BXXHO CO3/laBaTb CaMOCTOSATE/bHble BXOJbl B KaXKAbIM W3 OT/EJIOB MEpBOrO 3TaXa.
[IpyuMepbl NPOEKTUPOBAHUSA IOKa3bIBAIOT, YTO IPUBEPXKEHHOCTb 3TOMY IMpUEMYy 3a
py6exoM T1oMoraeT BOBJIeYb IOCETUTeJed B CONYTCTBywLe chepbl YCIYT.
OfHOBpeMEHHO MOJXOJ pacKpblBaeT NPOCTPAHCTBA /i YAOOCTBA INOCEeTUTeNed M
NPOJaX.

OpraHusanus Ipoliecca COBeplLIeHWsA TMOKYyNOK M Jocyra Mno3BoJsfgeT 3PpPeKTUBHO
pacrnpezesuTb BpeMs. Y,00CTBO /1 HaceJIeHUs 3aKJII04aeTCd B IpeloCTaBJIeHUH JaHHbIX BU/IOB
yCayr B OJHOM 3JaHUU. PocT HacesieHUs ropojia NMOBBbIIIAET POJIb TOProBO-pa3B/eKaTeJlbHbIX
LIEHTPOB B 00pa30BaHUU OOILeCTBEHHBIX LIEHTPOB.

C pasBUTHEM OHJIAWH NMOKYIOK CTaJI0 HEOOXOJUMO MEHATb apXUTEKTYPHO-IIJIAHUPOBOYHOE
pelleHMe M IUIOLAAU TOPrOBBIX OOBEKTOB, a MMEHHO WX HanoJsiHeHue [13-15]. Mensercs
pO3HHUYHOE IpeAJIoKEeHHe TOopoja, KOTOpoe [JOJDKHO aAalTUPOBAaTbCd K MEHSIOIUMCH
IOTPeOUTEJNbCKUM U JOCYTOBBIM NPUBBIYKAM. JlOCTYITHOCTb 060'bEKTOB B I'PAaHULAX FOPOJACKOI0
palioHa Npu6MKaeT chephl YCaYT.

Po3HuyHada npogaxa HapsAAy € CONMYTCTBYIOLIMM JOCYIOM B TOPrOBO-pa3BJeKaTeJIbHOM LieHTpe
3aBUCHUT OT CJIeJYIOLHUX ACIIEKTOB, KOTOPble BAXKHO YYUTLIBAaTh B IPOEKTUPOBAHUH:
1.BO3HUKHOBEHHE B 00pa3e KpBITbIX YJWL, TJe eCTb PbIHKM M Jipyrue cdepbl yCayr, 4TO
CKJIaJibIBaeTCA B pe3y/ibTaTe UCTOPHUYECKOT0 Pa3BUTUSA LIEHTPOB FOPO/0B;

2.pasMellleHYe Ha OCHOBe peKpealMOHHbIX 30H;

3.MHTerpanus TPaHCIOPTHOTO COOOIEHHUS ;

4. i3MeHeHHe COLMaJIbHOM POJIM TOPTOBOTO LIEeHTPa, KaK BO3MOXXHOCTH COBepLIEeHHUs TOKYIIOK U
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IpOBeJleHUs J10CyTa;
5. dopMHUpoOBaHNE TOPTOBBIX 06'bEKTOB B/10J1b YJIUI] BO BCTPOEHHBIX MTEPBbIX 3TaXaXx (PUCYHOK 1).

B pesysnbTare uccaefoBaHHWSA OOBEKTOB COLMAJbHOW HMHQPPACTPYKTYpPhbl BbIIBJIEHO, YTO
TOPTrOBble 00'bEKTHI ABJAITCA YUPEXKIEHUAMU €XeJHEeBHOIr'0 MO0Jb30BaHUs, YTO BbIJe/NSAET UX
YHUBEpPCAJIbHYI0 poJib B (QOPMUPOBAHUMU LEHTPOB. Pa3BUTHE TOProBO-pa3BJieKaTeIbHbIX
[IEHTPOB Ha y4yacTKax peKpealy BaXKHO /IS CO3JjaHus MelleX0/HbIX CBS3eH.

Jns 3pdeKTHBHOM  oOpraHu3alyMu  06C/IYKUMBaHUSA Heo6xouMO  $OpPMUPOBATH
TPAHCIIOPTHbIE U IelleXOJHble CBA3M MEXJY 3/aHUSIMH, KOTOpPble CTAaHOBATCA OCHOBOHM MOJ,
pa3BUTHE CTPYKTYpPbl TOPOJCKOTO pailoHa U ropoja B uesoM. CoBpeMeHHas poJib 0O'bEKTOB
HapsAAy C TOProBoW PyHKIMENH COCTOMT B OpraHu3alUu Aocyra. PaccMoTpeHue Ca0XKUBIIENCS
CTPYKTYpbl MO3BOJISIET BbIJEJUTb 0COOEHHOCTH Pa3BUTHUSA. JKOJIOTHUYECKHUE, TPAHCIIOPTHbIE U
CoLlMaJibHbIe acCeKThl OTPAXKAIOT BaXKHbIE IPAJlOCTPOUTE/IbHbIE PELlIeHUs], KOTOpPble YUUTBIBAIOT
npo6JieMbl C pa3HbIX PAKyPCOB.

M3ydyeHne  0COOGEHHOCTeW MOKa3blBaeT BAXXHOCTb TOPrOBbIX OO'BEKTOB B CHUCTEME
06c1y>KMBaHUs TOPO/ia, C yY4€TOM OpTraHM3alMHU Npoliecca NOKYINOK U 10Cyra HaceJleHu .

3aKk/lo4YeHue

Pa3BuTHe TOProBO-pa3B/eKaTeJbHbIX LIEHTPOB B COBPEMEHHBIX YCJIOBHAX 3aBUCHT OT y4yeTa
0COGEHHOCTeN pa3BUTHUS TOProBbIX 3JjaHUM B ropoje. [Ipumep BopaHo-3esieHOro GysbBapa U
JIMHEMHOI0 NapKa MoKa3bIBaeT 6J1aronpusTHYIO POJIb MeleX0JHO-IPOryJI04HON 30HbI IPU CBA3HU
KUJIbIX WM OOIIeCTBEeHHbIX 3JaHUM. [Ipu pacnosiokeHWW 37 aHUsl TOProBO-pa3BJeKaTeJbHOIO
LleHTpa B peKpealuy yBeJUINBaeTCs NelexoAHas JOCTYITHOCTb 3JaHH s, CO34AI0TCS YCI0BUS AJ1A
Jl0CyTa U NOKYIaTeJbCKOM aKTUBHOCTH Hace/iIeHus. BBIITOJIHEHH e CBA3H KUJIBIX U 001eCTBEHHBIX
3[JaHU{ BXKHO JIJI1 BOBJIeY€HUsI IOTOKOB TYPUCTOB U HacCeJIeHUd, YTO MOBBIIIAET AOCTYITHOCTh
TOPrOBbIX LeHTPOB. /laHHble MUKpPOpPaloHkbl JleBoGepexbs CBA3aHbl KOMIIO3UIIMOHHOMU OCBIO,
KOTOpPYIO N0JepKUBAIOT 3/JaHUs1 MHOTOQYHKIIMOHAJIbHOTO Ha3HAYeHHUS.

Ocoboe 3HaYeHHe UMeeT NOBbILIEHHEe JOCTYIIHOCTH AAHHBIX 00bEKTOB B Te4YE€HUH JIHA, a
Takxke paboyuMe U BBbIXOJHble [AHU. TeppuUTOpUA TOpoJa XapaKTepu3yeTca Halu4dueM
nenexo/HbIX 30H, YTO CO3/aeT YCJA0BUA /11 KOMPOPTHOTrO NMPOXXKUBAHUA HAaCeJIeHUs U paboThI.

B CTpPYKTYpHBIX €IMHMLAX TOpoJa y4eT OCOOEHHOCTeH CIOCOOCTBYIOT 0Opa30BaHHUIO
OOLleCTBEHHOI0 LieHTpa. B IJIaHUPOBOYHOM CTpPYKType Tropoja [aHHble HCCAeJ0BaHUsA
MO3BOJIAIOT MOBBICUTD IELIeX0AHYI0 JJOCTYITHOCTb TOPrOBO - pa3BJieKaTeJbHbIX LLIEHTPOB.

B ropojckux paloHax ropoJa HeOOXOAMMO YYMUTBIBaTb CO4YeTaHUe TOProBo -
pa3BJieKaTeJIbHbIX LIEHTPOB C TePPUTOpPHUEN peKpealuH, pacnojarasd Ux Ha JAaHHbIX y4acTKax.
[IporysioyHo-nelexoiHble  30HBI  JO/DKHbl  BKJKOYaTb TEPPUTOPUHM, BJAOJb KOTOPbIX
pacroJiararoTcs 60JIbLIMHCTBO 001eCTBEHHBIX 3[JaHUM HApAAY C )KUJIbEM.
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A.E.Capcem6aeBa
JL.H.I'ymunes amoiHdarsl Eypasus yammuik yHusepcumemi, Acmawna, Kazakcmat
AcTaHa Ka/1acbIHBIH, CayAa 06 beKTiJIepiHiH JaMy epeKuIesiKkTepi

AHHoTanma. byn 3eptTey AcTaHafiarbl GeJillleK cay/la HbICAHJAPBIHBIH MbICaJapblH
KapacTblpa/ibl. KbI3aMeT KepceTy cajlacblH 3€epTTEreH Ke3/le KaJlaHblH, cay/ia >KoHe OMbIH-CaybIK
OpTa/IbIKTApblH eCKepy MaHbI3/bl. Ka3ipri 3aMaHfbl cay/a >XoHe OMbIH-CAybIK OPTaJbIKTaphl
OeJillleK cayjJa >KoHe MJJIeHU-JeMaJbIC ic-1IapasapblH Ja KaMTHAbL. Bya GyHKuusiapzbl
6ipikTipy osiapAblH Kaja illiHZe OpHaJacyblHJA *X9He OJilaH 9pi JAaMyblHJA KHUbIHJBIKTAP
TyFbI3aZbl. OpTa/bIKTa KbISMET KOPCETY TEK KeJylliJiep MeH KbI3MeTKepJiep YUIiH KOoJIahJbl
»KaFJaujiap »kacay apKplibl MYMKiH 6oJsiafibl. Bysl KJIMMAaTTBIK, KOJIIKTIK >9He aJIeyMeTTiK
KaFJauaapAbl ecKepyAi TaJjan eTeni. 3epTTeyAiH MakcaTbl - AcTaHaZarbl dJIEyMETTiK
MHOPaAKYPBLIbIM IIeH6epiHAeri 6eJ11eK cay/ja HbICAaHJapbIHbIH, 1aMy epeKIle/liKTepiH aHbIKTay.
3epTTeyAiH ©3eKTuIiri cayga »KoHe OHWbIH-CAayblK OpPTaJIbIKTAPbIHBIH JaMy epeKlIesJiKTepiH
3epTTeyJe >KaTbIp. 3epTTeyJe cay/a >KoHe ONbIH-CAayblK OPTaJbIKTAPbIHbIH XaJbIKapaJbIK
MbICa/1Japbl KapacTbIpblIaAbl. Bys >KYMBICTBIH, 9licCHAaMachl YCbIHbIJIFAH CXeMaFa CoMKec cay/ia
»KoHEe OMbIH-CaybIK OPTa/IbIKTapbIHbIH, OpHaJacyblHA 6aca Ha3ap ayaapajbl. by Macese apTyp.Jii
cajiaJlapZlaFbl LIETeNAIK KoHe OTaHAbIK FaJbIMAAPAblIH eHOeKTepiHae 3epTTe/reH. 3epTTEYAiH
HOTHIKECI - Kaja XaJIKblHA KOJDKETIMAIJIKTI »KaKcapTy YUIIH cayJa >XoHe OWbIH-CaybIK
OpPTa/IbIKTAPbIHBIH, [laMy epeKIleJiKTepiH aHbIKTAy: HEeri3ri Maructpajbjap OONbIHJAFbI
KYPbUIBIC; aHa ayJaHjapAa Kypbuibic; CoJ »Karasay TYPFBIHZApPbI VIIIH OCbl MeKeMeJiepre
KOJDKeTiMA K. JKyMbICTBIH, MpaKTHUKaJbIK MaHbI3JbLIbIFbl - Ka3ipri 3amMaHfbl KafFaalapaa
aHbIKTA/IFaH epeKIIeiKTep/li eCKepe OThIPbII, cay/a KoHe OMbIH-CayblK HbICAaHAAPBIH K0bajay
KaXKeTTiJirl.

Tyi#iH ce3aep: GeJilliek cayJa HbICaH/aphl, cay/ia >KoHe OMbIH-CaybIK OPTaJIbIKTAapPhl, IaFbIH
ayJlaHzap, aJieyMeTTiK UHQPaKYypbIbIM, KaJlaJblK ayMaKTap, KOFaM/IbIK OPTaJbIKTap.
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Abstract. This study examines examples of retail facilities in Astana. In the service sector,
shopping and entertainment centers are an important consideration. Shopping and entertainment
centers combine retail, cultural, leisure functions, which influences their location and
development. Service within the center depends on creating conditions for visitors and staff. This
requires consideration of climatic, transport, and social conditions. The purpose of this study is to
identify the development characteristics of retail facilities in Astana. The relevance of this research
lies in studying the development characteristics of shopping and entertainment centers. The study
examined the development of international facilities. The methodology includes studying the
location of facilities according to the presented diagram. This issue has been studied by foreign and
domestic researchers in various fields. The results of this study revealed the characteristics of
shopping and entertainment center development: development along major highways and in new
areas; accessibility of facilities for residents of the Left Bank.The practical significance lies in the
need to design shopping and entertainment centers taking into account the identified
characteristics.

Keywords: retail facilities, shopping and entertainment centers, microdistricts, social
infrastructure, urban areas, community centers.
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AHHOTaUMS. CoBpeMeHHOE pasBUTHE rpak/JaHCKOU aBUALlUU
CONPOBOXJAETCS YCJOXXKHEHHWEM OpraHU3allMOHHO-TEXHUYECKUX CHUCTEM,
yKeCToueHueM TpebOBaHUM  obecrneyeHUss  0e30MAaCHOCTH  MOJIETOB.
AKTya/IbHOCTb HCCJIe[JoBaHUs 00yCJIOBJIeHA HEOOXOJAHWMOCTbIO MOBBIIIEHUS
3¢ PeKTUBHOCTH 06pa3oBaTe/IbHbIX MPOrpaMM MOJATOTOBKHM aBHamNepcoHasa
3a CYET TMpPUMEHEeHHUsT MeTOJI0OB MaTeMaTHU4YecKoro MO/AeJUPOBaHUS,
M03BOJIIOI[HUX ONTUMHU3UPOBATh NMPOLECChl MPOdECCHOHATbHOU MOAT OTOBKHU
C y4éToM TpeboBaHUM 6e3omacHOCTH. [IpegMeToM HccielOBaHUS SBJSIOTCS
Ipolecchl TMOATOTOBKM aBHANepcOHasJa B  KOHTEKCTe obecredyeHUs
0e30MacHOCTH MOJIETOB. 3aJJauyd  UCCJAeZIOBAHUS  BKJIIOYAKT  aHaJIU3
CYLECTBYWOUIMX TMOAXOJ0B K OpraHU3alud TMOATOTOBKH, pa3pabOTKy
MaTeMaTUYeCKOU MOJIe |, YYUThIBAKOIIel NpodeccuoHabHbIe KOMITETEHII WY,
napaMeTpbl 06€30MAaCHOCTH, a TaKXe BHEUIHWEe W BHYTPeHHUe (aKTOophI,
BJIMSAIOIIME Ha y4eOHbIM mporecc. llesbro paboThl ABJSETCA MOCTPOEHUE U
anpo6auusi MaTeMaTHYeCKOM  MoJiesd, TO3BOJIAIOLIEN  OLEHUTb U
ONTUMHU3UPOBATH MPOLIECC MOJrOTOBKK aBHallepcoHaJsa. B ucciemoBaHuU
MCIOJIb30BaHbl METO/Ibl CHUCTEMHOTO aHajM3a, TEeOpHUH YIpaBJIEeHUS],
MaTeMaTU4YeCKOTO MO/JIeJTMPOBAHUS U UMUTALMOHHOTO MoJeupoBaHus. s
JIeMOHCTpallMi paboTbl MoOJeJU MpUBEJEH 4YHCJOBOM NpPHUMEpP; €ero
pe3yJibTaTbl HOCAT WUJIIIOCTPATUBHBINA XapaKTep Ha OCHOBE 3MIUPUYECKUX
JIAHHBIX, TTO3BOJISIIOIIUX OMpPEe/eJIUTh KJIUeBble MapaMeTphbl, OKa3bIBalOLUe
HauboJIbllee BaUsIHUE HA 3P PEKTUBHOCTD NMOATOTOBKU. Pe3yibTaThl paboThl
JIEMOHCTPUPYIOT  BO3MOXXHOCTb  KOJIMYECTBEHHOW  OI€HKH  BJIMSHUS
pa3/iMyHbIX (AKTOPOB HA ypoBeHb NpPOdecCHOHAJbHOW TOTOBHOCTH
nepcoHaJia. [losiyueHHbIe BBIBO/bI O3BOJIIIOT GOPMHUPOBATH PEKOMEH/JAl U U
10 KOPpPEKTHUPOBKe 06pa3oBaTesbHbIX MPOTPaMM, OTBETCTBEHHBIX 3a
6€30MacCHOCTb MOJIETOB.

KioueBbie cJI0Ba: aBUaINepCcoHaJI; 0e30MacHOCTb MOJIETOB;
npodeccroHalbHasl MOATOTOBKA; MaTeMaTUYeCKOe MOJIeJTMPOBAHUE;
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BBeageHune

Bbicokue TpeboBaHHS K NpPodecCHOHANbHOU [esTeJbHOCTH aBUAIMOHHOTO MepCoHasa,
obecrneyuBawIlero 6e30MacHOCTb MOJIETOB, 00YC/JaBJMBAIOT HEOOXOAUMOCTb GOPMHUPOBAHUS
YCTOMYMBOM MNpodecCUOHAJbHOW HAJEXKHOCTH, BKJKYAKIEW KOMIJIEKCHYK HWHTerpaluio
MOTHBALIMOHHBIX, KOTHUTHUBHBIX, 9MOLMOHAJbHbIX, QU3UUECKUX U TMCUXOPU3UOJOTUUECKUX
XapaKTePHUCTHK, OIMNpeJlesIAI0IUX KayeCTBO BBINOJHEHUS MNPOPECcCUOHATbHBIX QYHKI[UM.
@dopMupoBaHHE [JJaHHBIX XapaKTEPUCTUK HauMHAeTCs Ha 3Tane npodecCUMOHATBbHOTO
camoomnpejie/leHuss JIUYHOCTU U [JIOCTUraeT CBOEro HauboJbLIero pa3BUTUSL B Mpolecce
MoJIydeHUs BbICHIEro mnpodeccuoHaJbHOTO o6pas3oBaHusA. I[loaaepkaHue U pa3BUTHeE
npodeccuoHalbHON HaZ&XHOCTU TpebyeT moucka 3Pp¢PeKTUBHbIX METOAUYECKHUX MOAX0J0B U
OpraHu3alMOHHO-NeJarori4ecKux pecypcoB mnpodeccuoHaJbHON MOATOTOBKH, MaKCUMaJbHO
YYUTBIBAOIMX celiUPUKY nTpodeccCHOHaNTbHOM AeATENbHOCTH aBUALIMOHHBIX CIEelMaIUCTOB.

Ob6ocTpeHHe [JaHHOW Npo6GJieMbl O00YCJOBJAEHO MHOXeCTBOM (aKTopoB. Bo-nepsBbix,
cnenuduka mnpodeccUOHANTbLHON [J€ATEJbHOCTH aBUALMOHHOTO I[epcoHasa MNpeabsBJseT
BbICOKME TpebOBaHUSA K COCTOSIHUIO 3[0pOBbfl, GU3NYECKOM MOATOTOBKE, 3MOLUOHAJIbHOMN
YCTOUYHMBOCTHU U CIOCOOHOCTU QYHKIIMOHUPOBATH B YCJAOBUSAX BbICOKOW UHTEHCUBHOCTHU TPY/a.
Bo-BTOpBIX, HEOOXOMM BBICOKHUH yPOBEHb IPOdeCCUOHAIbHON KOMIIETEHTHOCTH, BKJIIOUAKOIUU
byHIaMeHTa/libHble TeOpeTUYeCcKHe 3HaHHUs, COOPMHPOBAHHbIE MPAKTUUYECKHE HABBIKU U
CIIOCOOGHOCTD K ONEepaTHBHOMY YCBOEHUIO0 HOBOM MHbOpMauuu. B-TpeThux, npodeccruoHaibHas
JlesITeJIbHOCTh CONpsi?)KeHa C BBICOKOM MCUXOPU3HUOJIOTHUYECKON HArpy3KoM, MNOBBILIAKIIEH
BEPOSITHOCTh BOSHUKHOBEHHUS CTPECCOBBIX COCTOSIHUM, YTO TPEOYET OT CIELUATUCTOB B eHUs
MeTOoJlaMHd CaMOperyJslui U NoJJep>KaHUus MNCUXOPU3UOJOTUUECKON YCTOWYHMBOCTU B
3KCTpeMaJibHbIX YCJOBHUSIX.

PasBuThe coBpeMeHHbIX HWHQPOPMALMOHHO-KOMMYHHUKAUOHHBIX TEXHOJIOTUH CO03/aJo
NpPEeANOCHIIKU /JIs COBEPIIEHCTBOBAHUS TEXHHUYECKUX CPEeJICTB 0Oy4eHUs, BK/IOYas CO3/JaHHUe
COBpPEMEHHBIX TPEHAXKEPHBIX KOMIIJIEKCOB, MOJEJUPYIOLUIUX KaK JUHAMHUKY MOJIETa, TaK U
OKpyxatouiyto cpeny. [[puyMeHeHHe AAHHBIX TEXHOJIOTUM CTaJ0 BAXXHBIM 3JIEMEHTOM CHUCTEMBI
NO/JIFOTOBKY, ObecrnevyrBasi eé aJaNTUBHOCTb U TNOBbILIEHHWE KayecTBa NpodeccHOoHabHOU
MOJIFCOTOBKU aBUAIlMOHHOTO IMepcoHasa. [I[pyuMeHeHHWe WHHOBAIMOHHBIX HUHTErPUPOBAHHBIX
y4e0HO-TPEHUPOBOYHbIX CUCTEM MO3BOJIIET CYUIECTBEHHO TMOBBICUTh 3(PEKTUBHOCTD
06pa30BaTeJIbHOTO MpoLiecca, MUHMMHU3UPOBAaTh KOJIMYECTBO NMpPO(eCCUOHAJbHBIX OLUIMOOK M
MNOBBICUTH HAJIEXKHOCTb NpodecCHOHaNTbHOM e TeJbHOCTH.

AHanu3  CTaTUCTUYECKUX  JaHHbIX aBTOMAaTU3UMPOBAHHBIX CUCTeM obecneyeHUs
0e30MacHOCTU MOJIETOB CBUJETEJbCTBYeT O BbICOKOM KOHLEHTpAaLlUM aBHUAlMOHHBIX
NPOUCIIECTBUN B 30HE a3POJPOMHOM [IesITeJIbHOCTH NPU BBINOJHEHUH OMNepaluil pyJieHus,
B3JIETQ, 3aX0/ja Ha NOCAJAKy U MOCAaJKHA BO3AYIIHBIX CyJ0B. 3HauuTesbHas A0 (okoso 14%)
JIETHBIX NPOUCLIECTBUN CBsI3aHa C BbIKaThlBAHMEM BO3JYLIHOTO CyJHA 3a MpeJiesbl B3JETHO-
nocaZloyHo moJsiockl [1]. YKasaHHble JaHHble MOATBEPXKJAIOT aKTYaJbHOCTb pPa3paboTKH U
COBEPIIEHCTBOBAHUS MOJAX0/I0B K OlleHKe YPOBHS MOATOTOBKH aBUAL[MOHHOTO MTepcoHasa KakK Ha
3Tamne MepBOHayaJbHOW NpodeccUoHabHONW MOArOTOBKH, TaK U B XO0J€ TNOCJeAyIOLIero
NOBBILIEHUS KBaJIU(UKALHU.

CJ10KHOCTB vccaenyeMou npo6JeMbl onpejessieTcs MHOTOPaKTOPHOCTbIO
npodeccuoHaNbHON [lesITeJIbHOCTH aBUAIMOHHBIX CIELUAJUCTOB, HEOOXOJUMOCTBHIO Y4éTa
B3aUMO/JIEMCTBUS M B3aUMOBJIMSIHUS pa3JM4HbIX (GaKTOpOB. B cBfAI3W c 3TUM mnpexJsaraercs
NpUMeHeHHe MaTeMaTU4YecKOoro  ammapaTa HedyeTKHX KOrHUTUBHbIX  KapT  (HKK),
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006eclevyrBalIlero BO3MOXXHOCTh a/[eKBAaTHOTO MOJIEJUPOBAHUSL CJIOXKHBIX JIUHAMUYECKUX
CUCTEeM, ONMUPAIOUIUXCS HA KaueCTBEHHbIE 3KCNIEPTHbIE OLleHKH.

Hcnosb30BaHWe HEUYETKUX KOTHUTUBHBIX KapT IMO3BOJISIET peNnpe3eHTUPOBATH CJIOXKHBIE
JUHaMHUYecKHe npoiecchl B GopMe, Haubosiee MpUOGJIMKEHHOW K 0COOEHHOCTSAM Ye/IOBe4eCKOTro
BOCNPUATHA U aHau3a [2]. K mpeuMy1iecTBaM AJaHHOTO MeTO/ja OTHOCSITCS:

— BKJIIOUEHHME B MOJieJib 00paTHBIX CBsI3el;

— Y4ET 60JILIIOr0 KOJIMYECTBA epeMeHHbBIX C HEYeTKUMU 3HaYeHUSIMU;

— MO/ieJIMpOBaHUEe B3aUMOCBsI3el Mex /1y epeMeHHbIMU I1PY HaJlUYU U Heonpe/ieIEHHOCTY;

— UCTNO0JIb30BAaHUE 3KCIEpPTHbIX 3HAHWUM NMPH OrPAaHUYEHHOCTH TOYHBIX 3IMIHUPHUYECKUX
JIaHHBIX;

— BBICOKasl CKOPOCTb IOCTPOEHUS MOJieJiel Y OJIyYeHUs1 aHa/IMTUYEeCKHUX pe3y/IbTaTOoB;

— BO3MOXXHOCTb HWHTErpaljUyd pa3sHOPOAHOW HHPOpMaLUU B eJUHYI0 KOTHUTHUBHYIO
CTPYKTYDY;

— omnepaTUBHAas OlleHKa Pa3JIMYHbIX ClleHapueB Pa3BUTUS YIIPaBJAeHUECKUX pelleHU .

[Ipumenenne HKK mno3BosisieT peasn3oBaTb NPUHLUI HECOBMECTHUMOCTH MeEXAy
CJI0’KHOCTBIO CUCTEMbI U OTPAHUYEHHOCTbI0 TOYHOCTH HCXOAHOW HMHpOpMaIuH, obecrneyrBas
IpU 3TOM CHUCTEMHBIH aHa/U3 CJOXHBIX NpPodeccuOHa/bHO-00pa3oBaTeJbHbIX MPOLLECCOB.
MexUCIUIJIMHAPHBINA XapaKTep JaHHOT0 mojxoja GOpMHUpPYeT OCHOBY /Jisi KOMIIJIEKCHOTO
H3y4YeHUs1 Mpo6JieM MOArOTOBKY aBUALMOHHOTO MepcoHasia B chepe obecnedeHusi 6€301aCHOCTHU
noJIETOB [2].

MeTogos10rusa

MaTeMaTu4yeckoe Mo/leJIMpOBaHHWE Ipollecca OIeHKH YPOBHA MNOATOTOBKM IHJOTOB
IrpakJaHCKOM aBUALlMM MpeArnosaraeT $popMasu3alMi0 pacCMaTpPUBAEMBbIX IMPOLECCOB NMYTEM
BblJleJIEHUSI OrPAaHUYEHHOr0 4YHcJa Haubosiee 3HAUYUMMbIX (GAKTOPOB € OJJHOBPEMEHHBIM
abCcTparupoBaHUEM OT IMepPEeMEHHbIX, BJIUsHUE KOTOPbIX B 33JJaHHBbIX YCJOBUSIX MOXET ObIThb
NpPU3HAHO HecylecTBeHHbIM [3]. B aTo cBsI3u npu $opMUPOBAHUU MHOXKECTBA KOHIENTOB B
HACTOSLIEM UCC/EI0BAaHUM NIpeJiaraeTcsl yUuTbIBaTh paKTOPhI, HENOCPEACTBEHHO CBSI3aHHBIE C
npoieccoM npodeccuoHaaIbHOM MOArOTOBKHY MUJIOTOB I'PaXKJAaHCKOM aBUa LMK, 06J1a/lato0le Kak
CTUMYJIUPYIOIIUM, TaK U C€P>KMBAIOIUM BO3/eICTBUEM Ha ero AUHAMUKY (cM. TabJ1. 1).

Y4eT nepeuyucieHHbIX GAKTOPOB B MpOLiecCe MaTeMaTU4YeCKOr0 MO/IeJIMPOBaHHUS MO3BOJISET
6oJiee MOJTHO U 06'bEKTUBHO OLlEHUBATb yPOBEHb NMPOPeCCUOHATbHON IOTOBHOCTH MUJIOTOB, a
Tak)Ke pa3pabaTbiBaTh ONTHMaJbHble YIIpaBJeHYeCKUe pellleHUs B cUcTeMe NpodeccCUOHaNbHOU
IO0JrOTOBKU aBUALMOHHOTO NlepcoHasna [4].

dakTopbl, NpuBeJEéHHble B TabJsule 1 (Bo3pacT, ob6pa3oBaHHe, HaJUuUe CyJUMOCTEH,
Bpe/iHble MPUBBIYKH U [JIp.), UHTErpPUPOBaHbI B COCTaB KOHLeNnTOB Mozed C1-C7 ¥ yYUThIBaIOTCSA
MpY NOCTPOEHUU HEYETKOU KOTHUTUBHOW KapThl.

CsieiyeT OTMETUTD, YTO B HACTOsIlllee BpeMs He CyllecTByeT yHUBEePCAaJbHOM METO/[0JI0TUU
Ui omnpejesieHUs1 NepeyHsi (GaKTOpOB, BJUAKILMX Ha HcCCAeAyeMbld mpouecc. B pamkax
HacTosiluel paboThbl eJUHCTBEHHBIM MCTOYHUKOM HWHPOpMALUU s HUAeHTUPUKALUU U
dbopManu3anuyu KpUTepUeB BBICTyNaeT SKCIEpPTHas OlleHKa aBTopa, chopMyJiMpoBaHHas Ha
eCTeCTBEHHOM $I3blKE€ U OCHOBaHHasi Ha COBOKYMHOCTHU NMpo¢deccHOHa/NbHbIX MpPeJCTaBJIeHUH,
HaKOMJIEHHOTO OIbITa, NPAaKTUYeCKWX 3HAHUH U HUHTYUTHUBHOTO BOCHPHUATHUS HCCIeAyeMOu
npo6JeMaTUKU.
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Tabnuna 1 - ®akTopsl, BaMAKLIMe HA Nponecc NpodpecCUOHAJbHOW NOATOTOBKU MUJIOTOB
IpaXKJaHCKOW aBUaLuU [4]

HaumeHoBaHue paKTOpa

[TonoxkuTEIbBHOE BJHSHUE

OTpI/II_IaTeJIbHOG BJINAAHHE

Bo3spacTt

20-35 set

Crapiue 35 JsieT

YpoBeHb 06pa3oBaHUs

Briciiee o6pa3oBaHue

CpenHee o6pa3oBaHUe

YcneBaemocTn 1o
TOYHBIM HayKaM

Bricokast ycrieBaeMoCTb 110 pH3UKe
U MaTeMaTHKe B Ipolecce 00y4yeHus

CpenHsisi 1M60 HU3KasA
yCleBaeMoCTh 1o pU3HKe U
MaTeMaTHKe

Hannuue cyqumocTtei

OTcyTcTBUE CYyAUMOCTEN MO
a/IMAHHACTPAaTUBHBIM HJIH
yroJIOBHBIM IPaBOHApYIIEHUAM

Hannvyue
aJMVHUCTPATHUBHBIX WU
YTOJIOBHBIX CYyJIUMOCTEN

Bpe/iHble NPUBBIYKH

OTcyTCcTBUE BpeAHBIX TPUBbIYEK
(3aBUCHUMOCTEMN)

Hanvuue BpeHBIX
NpUBbIYEK (3aBUCUMOCTEMN)

BnageHue
MHOCTPaHHBIMU
A3bIKaMH

Hanuyue cepTudrKaTOB 0 3HAHUU
OJJHOT'O UJIK HECKOJIbKHX
VHOCTPAHHBIX 3bIKOB

OTcyrcTBUE
NOATBEPXKAEHHbIX 3HAaHUH
VHOCTPAHHbIX A3bIKOB

[Tn0Ta>KHBIM ONBIT

Hasnmuue onbiTa NUJIOTUPOBAHUS
BO3/YLIHbBIX CYyJOB IPaXXJaHCKOU
aBHAIlMU COOTBETCTBYOLIEr0 KJacca

OTcyrcTBUE
COOTBETCTBYIOLLETO
INPaKTHUYEeCKOTO ONbITA

KoMaHHbIe HaBbIKH

Hanuyue onbiTa ynpaB/ieH4eCKOU

OTcyTCcTBUE ONBITA

06CJIy7KI/IBa}0LLlI/IM epCcoHaJioM

/eI TeJIbHOCTHU yIpaBJieHYeCKOH
JlesITeNIbHOCTH
O6y4yaeMoCTb YcnewHoe ycBoeHue Heob6xoaumocTb
npodeccruoHalbHbIX 3HAaHUH, MOBTOPHOTO MPOXOXKAEHUS
YMEHUU U HaBbIKOB 00y4eHus
KoMMyHHKaTUBHbIE BbicOKMI ypOBEHb B3aUMO/IEUCTBUSA Huskuii ypoBeHb
HaBbIKU C YJleHaMH 9KHUMaxa 1 B3aUMO/,eCTBUSA C

KOJIJIETaMH

Jlniepckue KadyecTBa

BbICOKUI YPOBEHbB JIMJIEPCKUX
KayecTB

Huskuii ypoBeHb
JINAePCKUX Ka4eCTB WJIN UX
OTCYTCTBHUE

CTpeccoyCcTOMYHUBOCTh

BbicOKUM ypOBEHB
CTPeCCOYCTOMYUBOCTH

YpoBeHb HUXKe CpejHero

Takoi noxo/ 4aCTUYHO PACXOAUTCA € METOA00TUYECKUMHU NPUHIUIIAMHU MO/le/INPOBaHUS,
npeasoxeHHbIMU @. JlankactepoMm. B yacTHOCTH:
-ypaBHeHUs @. JlaHkacTepa M3HA4yaJIbHO He IpeJHa3HayeHbl I pPabOTbl C 3KCHEPTHBIMHU
CY)JEeHHUAMH, KOTOpble B HACTOSAIEM HCCAeJOBAHUM SABJAKTCA OCHOBHBIM HMCTOYHUKOM
uHopMaLuu npu INOCTPOEHUHU MOJeJIu B YCJI0BUAX Heollpe/ieIeHHOCTY;
-napaMmeTpbl 3(p$EeKTUBHOCTH, 3aJIOKeHHble B (QOpMaJi3M ypaBHEHUH, TpeOyHOT HaJIU4UA
3HAQUYMUTEJBHOTO O00b€Ma CTAaTUCTUYECKHUX JAaHHBIX, KOTOpble, KaK MpPaBUJIO, TPYAHOLOCTYIHbI
JINOO BbI3bIBAIOT COMHEHHUS B UX JJOCTOBEPHOCTH [5].

Jlna pelleHHsa 3aJadyd OLEHKHW YPOBHA MNpodpecCHOHAaJIbHOM MNOJATOTOBKU IUJIOTOB
IrPaXJAAaHCKOM aBHALMM TpejJaraeTc MHCIOJIb30BaTb MeTOJ, MOCTPOEHUs He4yeTKOH
korHUTUBHOU KapThl (HKK), oTpaxkaroiieli B3aMMOCBA3M U HAPS)KEHHOCTDb MeX/y pa3/IMuHbIMU
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¢dakTopamu. OcHoBaHueM AJisd nocTpoeHruss HKK BbicTynaeT MaTeMaTU4YeCKUH anmapaT TeOPUHU
HEeYEeTKUX MHOXECTB U HEYETKOM JIOTHUKH, SBJISIOIUXCS 0000LIeHMeM KJACCUYeCKOW TeopHUHU
MHOXeCTB U 6MHapHOM sioruku. CoryiacHo onpefesneHuio b. Ko3ko, HeyeTkass KOTHUTUBHAsA KapTa
npejcTaB/sieT COOOW OpPUEHTUPOBAHHBIM rpad, B KOTOPOM BepHIMHbI (KOHIIENThI)
COOTBETCTBYIOT MEPEMEHHBIM MOJIeJIU, A [yTH — B3aUMOCBS35IM MeX/Ay HUMHU, KOJIMUeCTBEHHO
BbIpaKeHHbIM C IOMOILbI0 HEYETKUX TEPMUHOB. Bec yr oTpakaeT MHTEHCUBHOCTb NPUYMHHO-
C/IeJICTBEHHbIX BO3/EWCTBUM OJHUX IepeMeHHbIXx Ha Jpyrde. TepMUH «KOTHUTHUBHAasI»
NOo/[YEPKUBAET, UTO B KaueCTBe HCXOJHbIX JJAHHBIX JJis MOCTPOEHHUSl MOJEeJU MCIO0JIb3YITCSA
CyO'beKTUBHbIE 3KCIEepTHble OIeHKH, OINHChIBAalOIMe CUJIy BO3JIEHCTBUS B TepMHUHAX
«yBEeJIMYUBAETCS» JIUOO «yMeHblIaeTcsi». ATpUOYT «HeueTKasg» yKa3blBaeT Ha UCHOJIb30BaHUE
IIKaJIbl KOJIMYeCTBEHHOU OIleHKM MHTEHCHBHOCTH BO3/iecTBUM B UHTepBasax [0; 1] u [-1; 0], uTo
no3BoJisieT AuddepeHUPOBATh YPOBHU HM3MEHEHHUU, 0003HAuYaeMbIX KaK HU3KWH, CpeaHUH,
BbICOKHUU U JIp., COTJIACHO MPUHIUIIAM TEOPUU HEYETKUX MHOXKECTB [6].

[[puMeHeHHe TeOpUM HeYeTKUX MHOKeCTB obecrnedyrMBaeT BO3MOXXHOCTb (pOpPMaJIbHOIO
ONHCAHUS KAaueCTBEHHO HeoNpe/e/€HHbIX MOHATHH, 06pabOTKU HEMOJIHbIX U CYO'beKTHUBHBIX
3HaHUHM, a TakXKe MOCTPOEHHUS HEYeTKHUX BBIBOJOB. B OoT/MuYMe OT KJacCUYECKOW JIOTHMKH, B
HEYeTKOH JIOTMKe MCTHHA XapaKTepu3yeTcsl He GMHApPHOM OLleHKOH, a CTeNeHbl0 UCTUHHOCTH,
NpUHUMaloLlel 3Ha4yeHUs B HellpepblBHOM HHTepBasie oT 0 o 1.

K/toueBbIM MOHSATHEM, NMPHMEHSIEMBIM B paMKaxX HACTOSIIIEr0 HCCJAe[0BaHUs, SIBJISETCS
«paHXXHpoBaHUe» (aHIJI. ranging, ranking, rating), moJ KOTOpPbIM NOHUMAETCSA YNOPALOUMBaHUE
uccaeyeMbix GaKTOPOB MO CTEMEHU UX 3HAYMMOCTH UJIM BJIUSHUSA. B KOHTEKCTe JaHHO W paboThl
— 3T0 PopMHpPOBaHHE YNOPSAJOYEHHOTro IepeyHs1 (PAKTOPOB, CMOCOOCTBYIOUIUX CHHKEHHUIO
KayecTBa NpodeccUoHaJbHOW MNOArOTOBKM MUJOTOB TpakJaHCKOW aBuanuu. Camo
paHXKHUpPOBaHUE paccMaTpUBaEeTCs aBTOpPaMHM KakK 3a/laia MHOTOKPUTEpPHAJbHOTO aHa/uh3a B
yCJI0BUSAX HEOIpe/JieIeHHOCTH.

B kauecTBe MeTO/10JI0TUYeCKON 6a3bl /Jis pelleHUs NOCTaBJIeHHON 33/la4M UCINOJIb3YIOTCS
Teopusi MPUHATHUS pellleHUHW B HeYeTKUX cpeJiax, pa3dpabortaHHass P. Bensmanom u JI. 3aze
(Bellman & Zadeh, 1970) [7], a TakXe KOHLeNIUs He4YeTKOU NepPeKTHOCTH, U3JI0KEHHas B
pabotax A. PormTeiiHa. B kauecTBe aHaAJOTUYHBIX NPUMEPOB MOAX0JA MOXHO MPUBECTHU
vuccaenoBaHusa B. KopHueHko u A. PoTmiTeliHa, NOCBALEHHbIE aJIbTepPHATUBHO-BO3MOXXHOMY
BbIOOPY NOJIUTUYECKUX MAPTHUH B YCJIOBUSX 3JIEKTOPaJIbHON HeonpeaeJeHHOCTH [8].

MeToauka MCIOJIb30BaHWA HeUYETKHMX KOTHUTHUBHBIX KapT BKJIIOYaeT B cebs Npoueaypy
NOCTPOEHUSI U MpPUMeHeHUs] HeueTKOW KOrHUTUBHOU KapThl (HKK) u cocTouT M3 HeckobKUX
3Tamnos.

dopmasiuzanus KOHLENTOB. [lycTh MMeeTCcs KOHEYHOEe MHOXKeCTBO KoHIenTtoB C = {Cj,
Cz,...,Cn}, OTpaXKaroIlMx COBOKYIIHOCTb NEpeMEHHbIX, IPUHHMMAaeMbIX B KaueCTBe COCTAaBJISIOILIUX
MOJieJId paccMaTpUBaeMOW JAMHAMHUYeCKOM cucTeMbl. B paMkKax HacCTOSALIEro Mccje0BaHUS
KaXkJoMy KoHLeNTy Ci cOmocTaB/sieTCsl YMCJI0BOe 3HAaYeHHUe X;, yCTaHaBJUBaeMOe Ha OCHOBe
3KCNnepTHOW oueHKU. [lpu 3ToM mpejnosiaraetcs, 4To xi € [x/Min, x;max], rpe xmin y xmax —
COOTBETCTBEHHO HWXXHSSl U BEPXHSIS TPAaHUILIbI AOMYCTUMOTO Avana3oHa U3MeHeHHUs 3HaYeHUU
KoHIenTa Ci

OnpeneneHue cBaA3ell MexJy KoHUenTamMu. CBI3W MeX/Jy KOHLlENTaMHU MOJeJIUPYTCS
NOCPeJCTBOM OPUEHTUPOBAHHBIX [Jyr, KaJas M3 KOTOPbIX XapaKTepU3yeTCs BECOM Wi,
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OTpaXKalIlMM CHJIy U XapakKTep BO3JeHcTBUA KoHUenTa (i Ha KoHuenT (. BeaunyuHa wi
MHTepIpeTUpyeTCs CJeJyIMM 06pa3oM:
e wij > 0 — mnoJioKHTeJbHOE BJIUSIHUE: yBeJuyeHHe (yMeHbLIEHUE) 3HAuyeHUs
nepeMeHHOH Ci NPUBOJUT K yBeJUYEHHUIO (YMeHbIIEHNUIO) 3HAaUeHUs epeMeHHo# Cj;
e wij < 0 — oTpuLaTe/JbHOEe BJIMSIHUE: yBesJuWyeHUe (yMeHblIeHHe) 3HayeHUs
nepeMeHHOU Ci IPUBOJUT K YMeHblIeHUIO (yBeJUYEHNI0) 3HaYeHUs TepeMeHHOoH Cj;
e wij = 0 — oOTCyTCTBHEe BJIMAHUA: H3MeHeHHe 3HadyeHUdaA (i He OKa3bIBaeT
BO3/elicCTBUSI HA 3HadYeHUe Cj.

OueHka cuibl BAUSHUA. CTeneHb BJMSHHUS CBs3€d Wi YCTAaHABJMBAeTCsl HAa OCHOBaHUH
3KCNEPTHBIX CYXJEHUW C HCIO0Jb30BAaHUEM CHUCTEMbl JIMHIBUCTUYECKHUX T[EPEMEHHbIX U
COOTBETCTBYIOIEN LIKaJbI (TEPMOMETPUUECKOM LIKAJIbl), MPeACTaBJIEHHOM B Tabuule 2. Takoi
NO/IX0/1 T03BOJISIET POPMaATU30BaTh KaUeCTBEHHbIE OLlEHKHU CUJIbI CBSI3el MeX/y KOHIeNITaMU B
4YHCJIOBble 3HAaYeHUA JJid OC/eAyI0Ilero MaTeMaTU4eCKOro aHaausa [8].

Ta6auna 2 - JIMUHrBUCTHYECKad IIKaJia OLleHKHU CUJIbI BJHUAHUSA KOoHIlenToB B MoJeau HKK

[9]

JIMHrBHUCTUYECKas OLleHKa YucsoBoe 3HaYeHUE XapakTepuCTHUKa BO3/eUCTBUA
(uHTepBa)

OyeHb CUJIBHOE +0.8 + +1.0 MaxkcumasibHO ycuaMBallee
N0JIOKUTEJIbHOE BJIUSIHUE BO3/eUCTBUE
CUIbHOE MOJIOKUTEeJIbHOE +0.6 + +0.8 CyliecTBEHHO yCUJIMBaKOLee
BJIMSIHUE BO3/leliCTBHE
Cpe/ZiHee MOJIOXKUTEJIbHOE +0.4 + +0.6 YMepeHHO ycuMBawllee
BJHSIHUE BO3/eiCTBUE
Cyaboe MmoJIOXKUTeJIbHOE +0.2 + +0.4 He3HauuTesIbHOE YCUIHMBAIOLIEE
BJHSIHUE BO3/eICTBUE
[IpakTHU4YecKH OTCYTCTBYOLLEe -0.2 ++0.2 BivdaHUe OTCYyTCTBYeT WU
BJIHSIHUE HEe3HaYUTeJIbHO
Ciaboe oTpuLlaTeIbHOE -0.4 +-0.2 HesHauyuTesibHOE ocabgoIee
BJINSITHUE BO3JleliCTBHE
CpenHee oTpulaTeJIbHOE -0.6 + -0.4 YMepeHHO ociabJstolee
BJINSITHUE BO3JleHiCTBHE
CusibHOE OTpHUIaTEJIbHOE -0.8 + -0.6 Cyl1iecTBeHHO ocJ1abJistollee
BJIASIHUE BO3/leUCTBUE
O4eHb CUJIbHOE OTpHUILIATEIbHOE -1.0 +-0.8 MakcuMasnbHO ocsabasoniee
BJIASIHUE BO3/IeUCTBUE

B ciyyae npuBJiedeHUSI HECKOJIbKUX 3KCIIEPTOB /Jisl IPOBeJieHUs OLlEHUBAHUS, UTOr0OBOE
3HAYeHHe CUJIbI BO3/IEMCTBUS ONpeJessieTcsl Kak cpe/iHee apudpMeTHUEeCKOe UHAUBHU/IYabHbIX
OL|€HOK, MPeI0CTaBJEHHBIX KXK/IbIM M3 IKCIIEPTOB.

PeKyppeHTHOe COOTHOIIeHHe (OT JIaT. recurrens — BO3BpAILAOLIMICA) MpPeACcTaBJseT
0601 PYHKLIMOHA/IbHYI0 3aBUCMMOCTb BU/A:

(1)

xt+1 = F (Xt, Xt-1,...,Xt-k+1)
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rae F — o¢yHKyua oT k apryMeHTOB, IMO3BOJIAOILAs ONpPeAesiTb O4YepejHON 4JieH
N0CJeJOBaTeJIbHOCTY Ha OCHOBE 3HAa4eHUH MpejblAyLIUX 4YIeHOB. TakuM o6pa3om,
PeKyppeHTHOe COOTHOIIeHHe 0JJHO3HAa4YHO 3aJaéT M0CJe0BaTeJbHOCTb {Xt}, IPpH YCJIOBUH, YTO
JlaHbl 3HauyeHUs MNepBbIX Kk eé usieHOB. [loJ0GHbIEe COOTHOIIEHUS MO3BOJISIIOT ONHKCHIBATh
JUHAMHUYeCKOoe I[OBeJleHue MOJeJUPYEMbIX CHUCTEM, BKJIIOYasi KoJebaTeJsibHble MPOLECCHI,
BO3HHUKAOLUeE PU B3aUMO/IECTBUU KOHILENITOB B paMKaxX HEYETKHUX KOTHUTUBHBIX KapT (HKK).
Jnsa popmanusanuu BAusAHUN Mexay koHuentaMu B HKK ucnosb3yertcsa MaTpuia BecoB
W={wij}, a;1eMeHTbl KOTOPOH Wij OTPaXKalOT CUIY Bo3AelcTBUsA KoHLenTa Ci Ha koHUent Cj. [Ipu
3TOM JIMaroHaJIbHbI€ 3JIEMEHThI MaTPHUIbl IPUHUMAIOT HYyJIEBble 3HAUYEHUS:
wii=0, Vi, (2)
YTO COOTBETCTBYET OTCYTCTBHIO CAMOBJIMSIHHS KOHIIENITOB HA CAMUX Ceb4l.

0w, .. w,
W. 0 .. w
21 2n
W, = (3)
Wnl Wn2 O
HauanvHoe cocmosinue HKK, onpeesnisieMas BeKTOpoM:
0 0 0 0
X :[xi,xz,...,xn] (4)
3JIeMeHTbl KOTOPOTO PaBHbI 3HAYEHHUIO KOHLeNTOB Ha mmare k = 0.
Cmayuonaproe cocmosHue HKK, onpeensaemMasa BeKTOpoM:
| [ |
X' =[x, %00 | (5)

Ha HekoTOpOoM lLiare UTepalMOHHOTO Npolecca /, B pe3y/bTaTe B3aUMOJEUCTBUSA MEXKIY
KOHLleNTaMHy, MoJieJib HeuyéTKoM kKorHuTuBHOU KapTehl (HKK) pgocturaetr cramuoHapHOro
COCTOSIHHUS, IPY KOTOPOM 3HA4Y€eHHUS 3JIEMEHTOB BEKTOPA COCTOSIHUSA

XO=(x:10, x20,...,xa0) (6)

NpeKpalwamwT  M3MEeHATbCA, TO  eCTb  HAacTynaeT  YCTAaHOBUBUIMWCA  PEXHUM
GYHKIIMOHUPOBAHHUA CUCTEMBI.
JlMHaMMKa MOoIaroBOro M3MeHeHHs 3HaYeHU U KOHLIENITOB OMMCBhIBAETCS PEKYPPEHTHBIM

ji» KOTOpO€ MOXET ObITh NMPEACTABJIEHO B MaTPUYHOM

n
cooTHomeHHeM X< = X +Z(X'j‘ - X‘j‘*1
=1
dopwme [9]:

XK= XK@ (X 1 X)W, X=X @ X W, (7)
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rge W — MaTpHLa B€COB B3dHMMHbIX BOBAGFICTBPIFI MeXay KOHLENTAMH, d CHMBOJIbI <(69» 15
«e» 0603HavalT ornepannuu MMO3JIEMEHTHOTI' O CJIOKEeHHA H BBIYHUTAHHUA BEKTOPOB
COOTBETCTBEHHO, KOTOPpbI€ OCYLIEeCTBJAAKTCA I10 CJIeAYIOIIKWM ITPaBUJIAM:

(a®b) = min(a+b,1), (a&b) = max(a-b,0), (8)

ITH omepaluu 06eCcrevyruBalOT OTpaHUYEHHE UTOTOBBIX 3HAYEHUH BEKTOpA COCTOSIHUS B
npejenax yHUPUIIMPOBAaHHOTO HHTepBaJsa [0; 1].

[IporHo3upoBaHye 3HAaYEHUs 1ieJieBOU (MCXO0JHOM) MepeMeHHOM OCyIeCTBISET CS B paMKax
CHUCTEMBbI THUIIA «BXOJI — BBIXOJI», I'Jle paccMaTpuBaeTcs KoHIeNT Cy B KayecTBe BbIXOJHOU
nepeMeHHOW, a Bce ocTajbHble KoHUenTbl {C1,C2,...,Cy-1,Cy+1,..,Cn} — B KadyecTBe BXOJHBIX
$aKTOpOB, OKa3bIBAKIIMX B3aUMHOe BiHssHHe. COOTBETCTBEHHO, aJI'OPUTM IPOTrHO3UPOBAHMUSA
3HAYEeHHsI BbIXOJHOU MepeMeHHO M peaii3yeTcs cyelyoIuM 06pa3oM: [...]

lllae 1. YcrtanoBUTb UcxoaHoe coctosinue HKK (4)

X=X G X X =0, % €%, %] (9)

lllae 2. Tlonb3ysiCh peKypPPEHTHBIM COOTHOILeHHEM (7), BBIYUCAUTL BeKTOD (6) 3HaYeHUH
KOHIIENTOB B CTAl[MOHAPHOM (YCTOMYHMBOM) COCTOSIHUH.
Ilaz 3. B mosiy4eHHOM BeKTOpe (6) 3abUKCUPOBaTh 3HAYEHHE X, M CYUTATD €r0 IPOTHO30M

X, BbIX0/]a, COOTBETCTBYIOLIEr0 3a/laHHOMY BXOJHOMY BeKTopy (9).

PamXupoBaHHe KOHIENTOB. PaHroBasl olleHKa KOHIIENTOB, BBICTYMAKIHUX B KadyeCTBe
BXOJIHbIX TEepPeMEHHbBIX, M03BOJISIET KOJUYECTBEHHO ONpe/ie/IMTh UX 3HAYHMMOCTb B KOHTEKCTE
BJIMSIHUSI HA BBIXO/JIHYIO NTepeMeHHYI0 MoJieJid. MeToiMKa paH)KUPOBaHUS KOHIENTOB B PaMKax
HEe4YETKUX KOTHUTUBHBIX KapT NpeJicTaBJieHa B paboTe [8].

MHAEeKC BAXKHOCTU KXKJOT'0 OT/IeJIbHOTO BXOAHOT0 KoHIlenTa Ci onpe/iessseTcss BeJTUYUHOU
Xy, PACCYUTAHHOU JIJIs1 BEKTOPA COCTOSTHUS

X=(x1,x2, ., Xxi=1, .., xn=0), (10)

rage 3HadeHHue aHaJII/ISI/IpyeMOFO KOHLIEIITa Ci YCTaHanII/IBaeTCH Ha BEpXHEM ypOBHe
MNpUHAAJIEXKHOCTH (eAI/IHI/IqHOG 3Ha‘{eHI/Ie), d 3HA4Y€HHd OCTaJIbHbBIX BXOAHBIX KOHIEIITOB
MPUHUMAKOTCS HA HIDKHEM YpOBHe (HyJIeBOe 3HaYEHHUE).

B KayecTBe 11e/1€BO# (BBIXOHOM) epeMeHHOM Mo/e iy BolbpaH KoHuenT C6 — «ba3oBbii
YPOBEHDb TeopeTHHECKOﬁ IMoAroTOBKH, 3H&1HI/II‘/’I u HpaKTI/I‘{eCKI/IX yMEHI/II\/JI» nwiora. Panrosaga
OlléeHKa BXOAHBIX KOHLEIITOB C1-C5 u C7 BbINOJIHAETCH C MMOMOIIbIO BEKTOpPA COCTOAHHA, rAe
€ANHNUYHOE 3HAYE€HHE NNPHUCBANBAETCA dHAJIU3UPYEMOMY KOHLEIITY, 4 OCTaJIbHbl€ IPUHUMAIOT
HYyJIEBO€ 3HAY€HHUE, YTO I1O3BOJIAET KOJIMYE€CTBEHHO OUEHHUTDb €ro BJIMAHHUE Ha Llef[eBOI‘/JI KOHLEIIT
C6.»

Takum O6pa3OM MozZesIMpyeTcd N30JIMPOBAHHOE BJIMAHHUE KAXKA0T'0O KOHILEIITA Ha BbIXO/JHYIO
nepeMeHHYy 0.

AHaJIOTUYHBIM 06pa30M MOTYT 6bITb BbIYUCJIEHbI HHAEKCBI COBOKYITHOT'O (I/IHTera.f[bHOFO)
BJMAHUSA Pa3JMYHbIX KOMOWHAIMI BXOJHBIX KOHIENTOB Ha LEJEBYH MEePEMEHHYI0 NyTEM
COOTBETCTBYIOLIETO0O BAPbUPOBAHUA HAaYaJIbHbIX YCHOBI/Iﬁ BEKTOpa COCTOAHHUA.
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Pe3ysibTaThl M O6CyKAEeHUE

[IpennaraemMasi CTpyKTypa HedéTKoM KorHUTUBHOU KapThl (HKK), oTpakarouias Mozesb
npolecca OLEeHKU YPOBHS MOATOTOBKM INHWJIOTOB TPaKJAaHCKOW aBHalLUM, NpeJACcTaBJeHa Ha
pucyHke 1.

Pucynok 1. HKK npouecca noaroroBku nuiotoB ['A
[IpyuMedaHue: coCTaBJIEHO HA OCHOBAaHUU JAaHHBIX [9]

KoH1enTel, COOTBETCTBYOLIUE BEPIIMHAM NPEACTaBJIEHHOr0o rpada, CuCTeMaTU3UpPOBaHbI
B TabJsmle 3 ¢ yKa3aHUEeM WHTEPBAJIOB BO3MOXHbIX 3HAUE€HUU COOTBETCTBYIOIUX EPEMEHHBIX.
CrenyeT mnoJ4epKHYTb, UYTO INpUBEAEHHBbIM IepedeHb KOHIENTOB He IMpeTeHAyeT Ha
WMCYepNbIBAOUIMI  XapaKTep W OTpaXkaeT aBTOPCKYH HHTEPHpETALUI0  CTPYKTYPhI
npodeccruoHaJbHON NOATOTOBKU NMUJOTOB IPaXKJAHCKOM aBHAllUM HA OCHOBE CYLIECTBYIOIIUX
TEOpPeTUYECKHUX W IMIHUPUYECKUX NMpeAcTaBJeHUN. BMecTe ¢ TeM mpejJsioKeHHble KOHIENThI
006/1a/1al0T BbICOKON KOHCTPYKTUBHOW 3HAYUMOCTBHIO B paMKaX NOCTPOEHUs1 paccMaTpHUBaeMOU
HEYETKOW KOTHUTHUBHOMN KapThl U GOPMUPYIOT OCHOBY JJis MOCJE/YIOLET0 MaTEMAaTUUYECKOTO
aHaJii3a U MOJleJINPOBaHMUS.

OT60p KOHIIENTOB OCYIIECTBJIAJCA C Y4YETOM CEMAHTHUYECKOrO0 aHa/Mh3a JIeKCU4eCKHUX
e/IMHUIL, HauboJsiee 4acTO BCTPEYAIIIMXCSA B HUHTEPBbIO ONBITHBIX MUJOTOB, MOCBSLEHHBIX
npodeccuoHaJbHbIM PUCKAM, BO3HUKAKOLUM B YCJIOBUSAX WHTEHCUBHBIX 3KCIJIyaTaLMOHHBIX
HarpysokK, BKJIl04Yasi 3KCTpeMaJibHble, KPU3HUCHblE U KOHQJMKTHbIE CUTYallUU B aBUALLMOHHOU
JlesiTeJIbHOCTH [9].

CnenyeT 0co60 OTMETHUTb, YTO B COOTBETCTBUMU C JAHHBIMHU TaOJIHIbl 2, UHTEPBaJIbHbIE
OLleHKU OT/leJIbHbIX KOHLENToB (i BapbUPYIOTCd B 3aBUCMMOCTH OT MX COJiep>KaTeJIbHOU
cnegquduku. Pasanuue [Avana3oHOB 3HAaYeHUU OOYCJOBJEHO MNPUPOJON COOTBETCTBYHOIUX
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$aKTOPOB, a TaKXKe CTENEHbI0 UX BJMSAHUSA Ha polecc NpodeccuoHaIbHOM 10 ATOTOBKH MUJIOTOB,
YTO YUYUTBIBAETCS MPU MocjeyoieM $popMaJru30BaHHOM MOJIEJIUPOBAHUU U aHAJIUTHUYECKOU
o6paboTKe.

Tab6suia 3. XapakTepUCTHKA KOHLIENNTOB HEYEeTKOW KOTHUTHBHOM KapThl [9]

KoHyent Onucanue napameTpa Jvamna3oH
OlleHMBaHUS

C1 WUHAVMBUAYa/IbHO-TICUX0JIOTUYECKHE XapPaKTEPUCTUKU NTUJIOTA [0; 1]
rPaXXAAHCKOW aBHAl MU

C2 [IpaKTU4YECKU U ONBIT YIIpaBJE€HUs BO3/YIIHbIMH Cy/IaMU [0; 1]

C3 3P PpeKTUBHOCTb B3aUMOIEUCTBUS C YJIeHAMM SKUIIAXKa U [0; 1]
TEeXHUYECKUM [1IepCOHaIOM

C4 OpraHu3alMOHHO-/IeJIOBbIE U YIIpaBJeHYEeCKHE [0; 1]
KOMIIeTeHI[MH TUJIOTA

C5 KorHuTHBHas cnoCOOGHOCTb K YCBOEHHUIO M aJlalTaljMd HOBBIX [0; 1]
3HAHUU Y HAaBBIKOB

Cé6 ba30BbIl ypOBEHb TEOPETUYECKOU MOATOTOBKH, 3SHAHUU U [0; 1]
NpPaKTUYECKUX YMEHU U

C7 BylaieHre MHOCTpPaHHBIMHU 3bIKaMU Ha NpodecCuoHaJTbHOM [0; 1]
ypOBHE

B Tabusinie 3 yka3aH AuanasoH olleHMBaHUs KOoHLenToB [0;1], KOTOPbIN UCIIONIB3YeTCA AJs
HOpMaJ/IU3alluy 3HAaY€eHUU MpPU MOCTPOEHUM HEYEeTKOM KOTHUTUBHOM KapThbl. Tabsuubl 5 u 6
OTpPaXXalOT MPOMEXKYTOYHbIE 3TaNbl 3KCIEPTHOM OLEHKH, I'/le NMPUMEHSJIUCh OTHOCHUTEJIbHBIE
Oansbl: MakcMMaJbHOe 3HadyeHWe 50 B Tabsuue 5 COOTBETCTBYeT MOJIHOM LIKaJle BJIWSAHUA
KOHLENTOB Ha OLEHKYy KX 3HAaYMMOCTH, a MaKCUMaJbHOe 3HayeHWe 25 B Tabiule 6 —
NpPOMEXYTO4YHasl LIKaja JJis OTJeJbHbIX MOJAKOMIOHEHTOB oIlleHKH. [locie o06paboTKU U
yCpelHEHHsI 3KCIEPTHbIX OIeHOK BCe 3HAYeHUs HOpPMaJM3ylTcA K AuanaszoHy [0;1] anas
nocJjeaytollei paboTsl ¢ MaTpuLeit W ¥ mocTpoeHHs] KOTHUTUBHOU KapThl.

KayecTBeHHble MapaMeTphbl, MOJJeXallhue y4eTy MPHU IKCIEePTHOU OlleHKe Ka)KJoro u3
KOHLIENITOB, a TAKXKE COOTBETCTBYOI[ME CUJIbI UX BO3/I€MCTBHS, CUCTEMAaTU3UPOBAHbI B TabJIULlE
4.

CTpykTypHasi cxeMa He4YeTKOW KOTHUTUBHOW KapThl MpejcTaBjJeHA Ha pHUCyHKe 1.
BennunHbl BecoB Ayr rpada, OTpaKalollMX WHTEHCMBHOCTb B3aUMHOIO BJMSIHUS KOHIENTOB,
omnpejie/ieHbl Ha OCHOBE 3KCIEPTHBIX OLEHOK C NMPHMEHEHHEM MapaMeTpOB, MPUBEJEHHBIX B
Tabaune 3.

Ta6suia 4. [lapaMeTpbl, UCII0JIb3yeMble MIPU IKCIIEPTHOM OlleHKE YPOBHs KOHLENTOB [9]

KoHuent XapakTepu3sywiiue GaKTopbI
C1 e BHYTPEHHSISI MOTUBAI U K TpodecCUoHaNTbHOM AeATeNbHOCTH;
* pa3BUTHIE JIUAEPCKUE Ka4eCTBa.
C2 e HaJIMY e NPAKTUYECKOro ONbITA YIIPaBJeHUs BO3AYIIHbIMU CYyAaMU;
* 6a30BbIA YPOBEHb TEOPETHUYECKOW NOATOTOBKHU MUJIOTA.
C3 ® CITOCOOHOCTb K 3P PEeKTUBHOM KOMMYHHUKATUBHOU eI TeJIbHOCTU B
npodeccruoHaJbHOM KOJIJIEKTHUBE;
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e yMeHUe BbICTPAMBATh U NOAJEP)KUBATb KOHCTPYKTHUBHbIE MEXKJIUYHOCTHbIE
OTHOIIEHHUS.

C4 ® KOMIIETEHTHOCTb B BBINIOJIHEHUH JOJDKHOCTHBIX 0093aHHOCTEM C BbICOKOH
CKOPOCTBIO M KAaYeCTBOM.

C5 * KOTHUTUBHAs1 CNIOCOOHOCTH K LieJieHaNnpaBJIeHHOMY YCBOEHHUIO
npodeccMoHa/JbHbIX 3HAHUU, HABBIKOB U YMEHMUH.

Cé6 * BBICOKMI yPOBEHb yCIIEBAEMOCTH IO NPOPUIbHBIM JUCLUIIJINHAM (TOYHbIE
HayKH);

e HaJIMY e NPAKTUYECKOTO OMNbITAa NUJIOTHUPOBAHHUS BO3/yLIHBIX CYZ0B
COOTBETCTBYIOILIETO KJIacca.

C7 * BJIaJleHUEe OCHOBAMHW UHOCTPAHHBIX SI3bIKOB;

e HAaJIMYUe JeUCTBYIOIMX CePTUDUKATOB, MO ATBEPXKJAOIIUX YPOBEHb BJaAeHUS
WHOCTPAHHBIMHU SI3bIKAMU.

Uctounuk. Porwteiin A.Il. (2019). HeueTkue KOTHUTUBHbIE KapThl B aHa/iM3e HaJ€KHOCTH
cucteM. HagexxHoctp, Tom 19, N4, doi.org/10.21683/1729-2646-2019-19-4-24-3 [9]

COOTBETCTBYIOU_[EIH MaTpHlla Be€COBbIX KOBCl)(I)I/IL[I/IeHTOB w, XapaKTepu3dyrwllasd CHJIbI
BBaHMOAEFICTBHH MeX/Jy KOHIeIITaMHu B MOZleJIN, UMEET CHG,HYPOU.IHI;'I BH/:

c cC ¢, ¢, C, C C C

c 0O 0 04 05 0 0 0

02 06 0 0 0 0 0 0
W :CS 0 0 0 0 045 0 0,75 (11)
‘ C“ 0 0 045 0 05 0 O

05 0 0 0 0 0 0 -0,5

cG 0 o0 0 0 055 0 0

o =05 0 -025 0 0750

Jis mpoBeZieHUS 3KCIEPTHOM OIeHKHW IepeMeHHbIX, COOTBETCTBYIOIIHUX KOHIENTaM,
NpUBEZEHHBIM B TaGJIMIE 2, TPUMEHSIOTCS IIKaJIbl OlleHUBAaHUS, IPeJICTaBJeHHbIe B Tab/IHIaX 5
U 6. YKazaHHbIe ILIKaJbl 00ECNeYMBaOT KOJMYECTBEHHYI0 HUHTEPIPETALHI0 KaueCTBEHHBIX
XapaKTepUCTHUK (aKTOpPOB, MO3BOJISISI YYUTHIBATh CYO'bEKTUBHbIE JIKCIEPTHbIE CYXKJEHUS B
paMkax popMaiu3alyd HeYeTKONH KOTHUTUBHO U MO IEJIH.

BecoBbie k03dpuneHThl B MaTpuile W OblJIM onipefie/ieHbl HA OCHOBE 9KCIEPTHBIX OIleHOK
NSTU CNELUaJUCTOB C ONbITOM PaboOThl B 06J1acTH 6e3omacHOCTU moJietoB oT 10 go 20 ser.
JKCIepThl OLEHWBAJIM BJUSHHUE KaXKJAOTO KOHIENTAa Ha Apyrue mo mkajse ot 0 go 1;
OKOHYaTeJIbHble 3HAa4YeHHUs TOJIydeHbl yCpeJHEHHWEM OIleHOK. B ciyyae 3HAYUTeJIbHBIX
PaCXOXJAEeHUH MHEHHUH MpPOBOJAMWJACH J[ONMOJHUTENbHAsA KOHCYJbTAUMSA [JIsl JOCTHXKEHHUS
COTJIACOBAaHHOM OlleHKU. [lepcoHa/IbHbIE JAHHbIE IKCIIEPTOB HE PACKPBIBAIOTCS U UCIOJb3YIOTCS
HCKJIIOUUTEBLHO AJid 1ieJied ucciie 0BaHusl.

CreiyeT OTMETHUTb, YTO IPUMEHEeHHE PEKYPPEHTHOT0 COOTHOIeHUs (7) MOXKeT NPHUBOUTH
K BBIXOJly HAKOIJIEHHbIX 3HAYeHUH KOHIENTOB B CTAl[MOHAPHOM peXHMe 3a IMpeesibl
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YCTQHOBJIEHHbIX HMHTEPBAJIOB JONYyCTUMBIX 3HadyeHUH. OAHAKO NOJ0O0HOE OTK/JIOHEHUEe He
OKa3blBaeT CYLIeCTBEHHOrO BJIMAHUSA Ha KayeCTBEHHYH HWHTepHpeTalul0 pe3yJbTaTOB
MOJIeJINPOBAaHUSA, B CBA3M C 4YeM HOPMHUPOBOYHBIE IMpoLeAypbl B paMKaX HacTOSILEro
yccieJoBaHUSA He npuMeHsoTcd [13].

Ta6suna 5. lllkasa 3KCepTHOW OLIEHKU YPOBHSI pa3BUTHsS KOHLLENTOB [9]

JIMHrBUCTUYECKAS XapaKTepucTHUKa  ypoBHA | COOTBETCTBYIOIIEE YHMCIOBOE 3HAUEHUE
pa3BUTHUSA

BbICOKHH yPOBEHDb pa3BUTHs KOHILIENTA 50

YpoBeHb BbllIIe CpeJHET O 37,5

CpenHUM ypOBEHb 25

YpoBeHb HUXKe CpeJHEro 12,5

HU3KUM ypoBeHb pa3BUTHSA KOHLIENTA 0

Banto6am B.A. u ap. (2013). Pa3paboTka u peasiu3aiys Mo/JieJiM Ha OCHOBE 3KCIIEPTHBIX OL€HOK
/ B.A. bantw6aw, HO.I'. Cteranuues, C.E. Anemnyes, M.b. A6yroB: Yuye6.-mMeTo[,. nocobue. CII6.:
HWUY UTMO; UXuBT, 58 c. [10]

Ta6sunna 6. [llkasa aKCnepTHOM OLleHKU CUJIbl BJUSHUS KOoHLenToB [10]

JIMHrBUCTUYeCKasl XapaKTepUCTUKA BJUsAHUSA | COOTBETCTBYIOIIEE YUCJIOBOE 3HAYEHUE
MakcuMaJIbHOE IT0JIOXKUTEJIbHOE BJIHMSIHUE 25

[ToBBIIIEHHOE MOJIOKUTEJIbHOE BJAHUSHUE 12,5

HeliTpasbHoe (cTabuJbHOE) BJIAUSHUE 0

CHM>XeHHOe OTpULAaTeJIbHOE BJAUSHUE -12,5

MakcuMaJibHOEe OTPHULIATEeJIbHOE BJIUSIHUE -25

Banto6am B.A. u ap. (2013). PazpaboTka U peasinsalysi MoJieJIM Ha OCHOBE 3KCIEPTHBIX
ouneHok / B.A. banw6am, H0.I. Creranuyes, C.E. Anemuyes, M.b. A6yros: Y4e6.-MeTO/.
noco6ue. CI16.: HUY U'TMO; UXuBT, 58 c. [10]

MaTtpuna (11), coBMeCTHO C peKyppeHTHbIM COOTHOLIEHUEM, 06ecriedBaeT BO3MOXKHOCTb
aHaJIM3a MOoIIaroBoy JMHAMUKU U3MeHEeHHUsI 3HaYeHUH KOHILIENTOB, Ipe/ICTaB/JIeHHbIX B TabJIHIle
1, npu 3aJaHHOM MCXO/IHOM BeKTope (4).

B yactHOCTH, npu ucxogHoM coctossHMU HKK

X,=[40 25 20 15 10 5 0] (12)

IMOJIYy4€HO CTAlMOHapHO€ COCTOAHHWE CUCTEMbI, KOTOpPOE€ OoIlpeJesideTCAd BEKTOPOM

X,=[52 20 55 43 63 12 10] (13)

Takum o6pasoMm, HeueTKHe KorHUTUBHble KapThl (HKK) MoryT paccmaTpuBaTbhbcsl Kak
bYHKIIMOHAbHBIN aHaoT AuddepeHIMaTbHbIX YPaBHEHUN, TPAJUIMOHHO HCIOJb3yeMbIX MPU
MOJIEJIMPOBAHUM  TPOIECCOB  JAWMHAMHU4YecKoro  GOpMHpPOBaHUSA  MPOdeCcCHOHATbHBIX
KOMIIETEHI[MH, YMEeHUN U HaBbIKOB. CyllecTBEHHbIM NpeuMmyinecTBoM npuMeHeHus HKK mo
CcpaBHeHHIO ¢ AuddepeHIHATbHBIMU MOJEJSMHU SIBJSIETCS BO3MOXXHOCTb HENOCPeACTBEHHOTO
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BK/IIOUEHHUS 3KCHepTHOW HHPOpPMALMU [Jid KOMILJIEKCHOTO y4yeTa B3aMMOJENCTBYIOLUX
$aKTOpOB, BAUAIOIIUMX Ha JUHAMUKY NpodecCHOHAJbHOW MOATOTOBKY MUJIOTOB IPaXKJAaHCKOMN
aBUaLMH.

3aK/lo4yeHue

B paMkax npoBe/IeHHOTO HUCCJleJOBaHUS NPEJJIOKEH U peasn30BaH METO/J, MaTeEMaTUIECKOT 0
MO/JieJIMPOBaHUs Mpolecca NoAr0TOBKY aBUALMOHHOT0 epCcoHaJia ¢ UCII0JIb30BaHUEM alnapara
HeueTKUX KOTHUTUBHBIX KapT (HKK). Pazpa6oTanHasi Mo/ie/ib O3BOJISIET yYUTHIBATh KOMIIJIEKC
pa3HOypOBHEBBIX (GAKTOPOB, ONpeJe/saIluX YpoBeHb MNpodeccHoHalbHON MOArOTOBKHU
NUJIOTOB FPaXXJaHCKOM aBUalMH, BK/OYasi KaK 00'beKTUBHbBIE, TaK U CYO'beKTUBHbIE TapaMeTphI,
dbopmManuzyeMble Ha OCHOBE 3KCIIEPTHBIX OLleHOK [14].

[IpumeHenne HKK obGecrneunBaeT BO3MOXKHOCTb (OpMaIM3aLMMU CJOXKHBIX B3aUMOCBsI3el
Mex/y MapaMeTpaMu npodpeccMoHaJbHON HAZEXKHOCTU aBUALMOHHOTO MEepPCOHa/a B YCIAOBHUSIX
OTpaHMYEHHOCTH CTaTUCTUYECKHUX JAHHBIX U BbICOKOU CTENIeHU Heollpe/ieJIeHHOCTHU. B oTinuue
OT KJIaCCUYeCKUX MoJieJled JAWHAMHUKM, pa3pabOTaHHbIM MOJX0J TM03BOJIAET OINepaTUBHO
MHTErpupoBaTh 3KCIIePTHbIe 3HAHUSA, YYUTbIBAaTb HEJIMHENHble U B3aUMO3aBUCHMble BJIUSHUSA
$aKTOpOB, 4YTO CYyLIECTBEHHO TMOBBbIIIAET JOCTOBEPHOCTb IMPOTHO3HBIX OIEHOK YPOBHSA
npodeccroHaJbHOU FOTOBHOCTH JIETHOTO cocTaBa [15].

[lonyyeHHble  pe3yJ/bTaTbl  WJUIIOCTPALMOHHO  JIeMOHCTPUPYIOT  3PPEeKTHUBHOCTb
WCII0JIb30BaHUSl HEYETKHUX KOTHUTHUBHBIX KapT NpPU aHa/u3e U NPOTHO3MPOBAHHUU NPOLLECCOB
dbopMupoBaHUs NpPodeCcCHOHANbHBIX KOMIETEHL MM MNWIOTOB TI'PaKJaHCKOW aBHAIUU.
PaspaboTaHHast MeETOJUKA MOXKET ObITh IPUMeHeHa B IPaKTHUKe 06pa30BaTeIbHbIX yUpexAeHUH,
IEHTPOB MOJTrOTOBKHU aBHAIMOHHOTO MepCOHaJa, a TaKXe MPU MPOBEJEHUH MePUOJUYECKUX
aTTecTalyui U OPMUPOBAHUM IPOrPaMM MOBBILIEHUS KBaJIUUKALIMU CIIELIUATUCTOB.

JlanbHelliMe WcCCAel0BaHUS TNpeJNoJiaralT pacuidpeHUe nepeyHsi (GaKTOpPOB MOJeEJH,
COBEpPIIEHCTBOBAaHHE METOJI0OB 3KCIEPTHOW OIleHKH BECOB BJIMSIHUSI KOHIIENTOB, a TaKXe
aJlanTaluio NpeaJioXKeHHON Mo ey AJis1 OLleHKU MOAT0TOBKH CIEIUaJTUCTOB B APYTUX OTPACIAX
TPaHCIOPTHOW 6€30MaCHOCTH.

BkJiaa aBTOpOB:

JomxeHko H.A. - BHecJsla CylleCTBEHHBbIM BKJIaJ, B pa3pabOTKy KOHLENLUUU U JU3ailHa
WCCJeJJOBaHUs, Yy4YacTBOBaJla B aHa/iM3e W HWHTeplpeTaldyd I[OJIy4YeHHBIX pe3yJbTaToB,
OCYIIEeCTBJsAJIa KPUTUYECKUU NepecMOTp COJep:KaHUf CTaTbU. YTBepAusa OKOHYATe bHbIU
BapHUaAHT CTAaTbH AJi MyOJMKALMU U COTJIaCUJIAch HECTHU OTBETCTBEHHOCTb 3a [JOCTOBEPHOCTh
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MaTeMaTHyecKoe MoieJIMpOBaHye OAr0OTOBKY aBHALIMOHHOI0 IlepcoHasia B chepe obecrnedeHus
6e301aCcHOCTH I10JIETOB

H.A. Jonxkenko*, 0.B. Fapmam
“A3amammulK aguayus akademusicol, Aamamol, Kazakcman Pecnybaukacol

Yy Kayinci3airin KaMmraMachli3 eTy cajlaCcblHAa aBUALUSAJIBIK IIepCOHAJIABI AasApJiay Abl
MaTeMaTUKaJIbIK MOJeJibjey

AnjaTna. A3aMaTThIK aBUALUAHBIH Ka3ipri 3aMaHfbl JaMybl YUBIM/ACThIPY-TeXHUKAJIBIK,
XKyHeslepZiH  KypJeJieHyiMeH, ylly Kayinci3firiH KaMTaMacbl3 €Ty  TaJlalTapblHbIH,
KYLIEHWTINIyiMeH KaTap KypeJai. 3epTTey/iiH 63eKTiJIiri Kayinci3jik TajanTapblH eCKepe OThIPbIII,
KO9CINTIK JaspJsiay NpoLecTepiH OHTaWJaHAbIpyFa MYMKIiHJIK OepeTiH MaTeMaTHUKaJbIK,
MoJieJibjley dAicTepiH KoJiJaHy ecebiHEH aBUamepcoHa bl Jaspjay/blH 6i1iM  6epy
OaFjap/iaMajiapblHblH TUIMAINICIH apTThIpy KaXKeTTijiriHe HerizgesreH. 3epTTey MaHi yiuy
KayincisZiirin KaMmTaMachbl3 eTy TYpFbICbIHaH aBUalepCcoHa/ibl JalblHAAy NpolecTepi 60Jbln
Tabbl1abl. 3epTTey MiHJAETTepi AasAp/blKTbl YHbIMJACTBIPY/AbIH, KOJIJAHBICTAaFbl ToCiAepiH
TaaJay/ibl, KoCcibu Ky3bIpeTTep/li, Kayinci3aik napaMeTpJiepiH, COHAAN-aK OKy MpolieciHe acep
eTeTiH ChIPTKbl 9He ilKi ¢akTop/ap/bl ecKepeTiH MaTeMaTHKaJblK MoJeJbJi a3ipJeyai
KaMTuZpl. KyMBICTBIH, MaKcaTbl aBHallepCOHaJbl JalblHAAy MpoLeciH OarasayFa >XoHe
OHTaWIaH/bIpyFa MYMKIHZIK 6epeTiH MaTeMaTHUKaJbIK MOJe/Nb/l Kypy »KoHe CblHaKTaH OTKi3y
6oJibln TabblIaAbl. 3epTTeyAe XKyHheJi Tanaay, 6ackapy TeEOpHsChbl, MaTeMaTHUKaJbIK MOJeJb/ey
YKoHe MMUTALUAJBIK MOJe/bJey dicTepi nalasaHbLiibl. MoJebAiH »KyYMbICBIH KOPCETY YIIiH
CaH/bIK MbICAJ KeJTipiJireH; OHbIH HOTWXeJsepi JalblHABIK THIM/iMiriHe 6apbliHIlIa acep eTeTiH
Herisri mapameTpJiepZi alKblHJayFa MYMKiHZiK OepeTiH 3MIUpUKAJbIK JepeKTep HerisiHze
WIIOCTPALUAJBIK, cUllaTTa 60JaAbl. XKyMbIic HOTHXeJiepi MepcoHaJblH, KaciOW AalbIHABIK
JleHreliHe apTypJii GaKTopJap/iblH d9CEPiH CaHABIK O6aFasay MYMKIiHAIrIH KepceTe/i. AJbIHFaH
KOPBITBIH/ZbLIAP YLy KayincisziriHe »ayanTbl 6iJ1iM 6epy 6afAapJiaMasiapblH Ty3eTy OOMbIHILIA
YCBIHBIM/Iap/bl KaJbINTACThIpyFa MyMKIiH/IiK 6epefi.

Ty#iH ce3aep: aBuaUUAJBIK [epcoHaJs; YUy Kayimnci3airi; kocibu AalblHABIK;
MaTeMaTHUKaJbIK MOJlesIb/iey; aHbIK eMeC TaHbIM/IbIK KapTaJap.

N. Dolzhenko*, 0.Garmash
"Civil Aviation Academy"”, Almaty, Republic of Kazakhstan
Mathematical modeling of aviation personnel training in the field of flight safety

Abstract. The modern development of civil aviation is accompanied by the complication of
organizational and technical systems, the tightening of flight safety requirements. The relevance
of the study is due to the need to increase the effectiveness of educational programs for training
aircraft personnel through the use of mathematical modeling methods that allow optimizing
professional training processes taking into account safety requirements. The subject of the study
is the processes of training aircraft personnel in the context of ensuring flight safety. The objectives
of the study include the analysis of existing approaches to the organization of training, the
development of a mathematical model that takes into account professional competencies, safety
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parameters, as well as external and internal factors that affect the educational process. The
purpose of the work is to build and test a mathematical model that allows you to evaluate and
optimize the process of training aircraft personnel. The study used methods of system analysis,
control theory, mathematical modeling and simulation modeling. To demonstrate the operation of
the model, a numerical example is given; its results are illustrative based on empirical evidence to
identify the key parameters that have the greatest impact on the effectiveness of training. The
results of the work demonstrate the possibility of quantifying the impact of various factors on the
level of professional readiness of personnel. The findings make it possible to formulate
recommendations for adjusting educational programs responsible for flight safety.

Keywords: aviation personnel; flight safety; professional training; mathematical modeling;
fuzzy cognitive maps.
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eCKipreH afiicTepi MeH KypaJ/iiapblH Naija/laHy Ka3ipri eHAipicTiK TasanTapra
TOJIbIK, COMKeC KeJMeWJi >koHe THIMcCi3 6oJibll OTbIp. MyHJal Oakbliay
KYHeciHiH, 0o0/iMaybl KabOAbIKTap/ZblH KYTIereH »epJeH iCTeH UIBbIFybIHA,
OH/IipICTIK NpOLeCTiH 6asyJiayblHa K9He K6H/Iey IIbIFbIHAAPbIHbIH, apTybIHA
oKeJsieZli. IcTeH WBIFYAbIH alJblH aly YIIiH Oesriji 6ip >KYMbIC yaKbIThI
OTKEHHEH KeHWiH [JAUarHoCTUKaJblK  MaJIiMeTTep  HeridiHae  apbip
KOH/IbIDFBIHBIH, 00/KaM/[bl >XKoHe KaJIFaH KbI3MeT eTy Mep3iMiH aHBbIKTay
KakeT. byJs1 Tacis TeXHUKaJIBIK KbI3MeT KOpCeTY/Al aJ/iblH aJjia »KoclapJayfa,
anaTTbhIK, >KaFJaWJapblH aJblH aJlyFa >XoHe ’KaOJbIKTapJAblH >KaJIlbl
naijasaHy THUIMJIIICIH apTThIpyFa MyMKiHAIK 6epeni. Ockl Makasaja
«KazakMbIc» KOpHopanUACbIHbIH, KeHIITepiHAe KOJIJaHblJIaTbIH MalllkiHa/1ap
OeJsiIlIeKTepiHiH, KaJiFaH KbI3MeT €Ty Mep3iMiH 6oJpkayra 6GaFbITTasIFaH
KYpri3iyireH 3epTTeyJsep/iH, Herisri HoTUXKeJsepi KapacThbIPbUIbII, aJbIHFAH
JlepeKTepAiH eH/ipicTik Taxipubeae Ko14aHy MyMKIH/IKTepi TaaAaHajbl.
TyHiH ce3aep: AUMarHOCTUKA, ©3ITOKKIl, JOHFalaK PeAyKTOPbI, CIEKTPJIK
TaJ1Z1ay, arperaTThIK XXeHJey d/icCi, pecypc
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Tuimai agictepai Tagay apkblibl TOR0-40D maxTa e3iTekilITepiHiH )KYMbIC KabieTTiniriH apTThIpy

Kipicne

Kasipri yakpITTa KEH 6HAipy *)ypri3ijin xkaTkaH «KazakMbIc» KoprnopanusicbiHbIH N2 55, 57,
65, 67 ipi waxTasapbl XaHa yJarigeri kKeHimwTep 6oJsbln TabblL1aAbl. bysn maxtanapzbiH
Ka3bajapblHja NHEBMAaTHUKaJbIK JOHFa/JaKTbl »9He ILIBIHXbIP TabaH/Jbl JPTYPJi KeTeKTi,
’)KOFapbl ©HIM/Ji, ©3/iriHeH KypeTiH »KabJAbIKTapJAblH op TypJepi mNaijanaHblIajbl.
MauvHanap/iblH Keniiringe Au3eb/i »KeTeK KaHe ToIcasbl-0ybIHABI paMa 6ap [1-3].

Toxiprbe KepceTKeH/eH, )KepacThbl 63/iriHeH KYPEeTiH »a0bIKTapAbl Maija/laHy Ke3iHze
ecKi 9/iicTep MeH KypaJiiap/ibl KOJIIaHATbIH XXOH/Iey )KYHeCiH naijajaHy THiMCi3 60JIbII HIBIKTHI.
«Ka3zakMbIC» KOpHOpanMsaChIHbIH, KepacThl KeHIlITepiHJe TeXHOJOTUSJBIK >KabJbIKTap/blH
e/l9yip TOKTam Typyhbl 6akiKanaabl. TOKTaM TYPY Y3aKThIFbI KaJllbl yaKbITThIH, 12%-aaH 30%-Ha
JleliH aybITKUAbL. MamurHanapAbly >kaianbl napkidig, (20..30)%-b1 yHeMi keHJeyAe Typajbl,
KOCaJIKbl O6JIleKTeP/iH, KbUIABIK WbIFbIHBI (15..20)%-Ab1, a1 MaTepUuaagap - MallMHaJap MeH
»KabbIKTap/AblH *Ka/nbl KyHbIHBIH (8..10)%-b1H Kypakabl. XKeHJeyluinepAiH caHbl »KepacTbl
YKYMBICHIBIJIAPbIHBIH, 2KaJiMbl CaHbIHBIH, (20...25)%-bIH Kypaibl.

O3ziriHeH KypeTiH MallMHaNapAbl NaWAaJaHy[AblH TeOMeH THUIMZAIJIITiHIH Heri3ri
cebenTepiHiy 6ipi - JgUAarHoCTUKa oaJicTepi MeH KypasJapblH KOJIJJaHy apKblLibl apbip
MallMHaHbIH, 9HE OHbIH arperaTTapblHblH TEeXHUKaJbIK KaW-KyWiH TypakKTbl OaKbLiay
»KyHeciHiH 60/1Maybl.

1-cypet. TORO-40D e3iTekKilu

MamuHaHblH, (arperaTTblH) iCTEH WIbIFYbIHA JEWiHTi »KYMbIC iCTEreH peCcypCbIHbIH, MoHi
Gesirizli  6ip 1IeKTepJie aybITKUTBIHAbIFbIHA 6aWJIaHBICTBI, OCbl Ke3€eHJe ICTeH LIbIFy
BIKTUMAaJIAbIFbl Naia 60Jia/bl. [CTEH WIBIFYAbl 60JAbIpMAy YIIiH MalllMHAHbIH (arperaTTblH)
Gesirizii 6ip »KYMbIC icTey yaKbITbIHJA AWAarHOCTHUKA JlepeKTepi OOMbIHIIA 6OJ/KaM/bl >K9HE
KaJIJIbIK peCYpCThI aHbIKTAay KaxKeT. by iepekTep G0MbIHILIA arperaTTap/ibl ajblll TacTay HeMece
MalllMHaHbl JKeHJeyre TOKTaTy Mep3imJepi OesrisieHeni. bBysn anaTTelK keHAeysepAi
60JIILIPMAK/Ibl JK9HE arperaTTap/iblH >XYMbICbIHBIH, CeHiMAiJairiH apTThipaabl. Ocbliaiia,
JIMaTHOCTUKA dAICTepi MeH KypasJapblH KOJIAAaHY apKblibl MalllMHAHbIH 9p0ip arperaTbIHbIH
)KYMBICBIHBIH, CEHIMZIJIriH apTThipa OTBIPbIN, TYTacTak aJifaH/ia MalllMHAHbIH >KYMbICKA

JLH. 'ymunes amuindarsl Eypazua yaimmeuik ynueepcumeminiy XABAPIIBICHL N91(154)/ 2026 133
TexHUKa1bIK FolAbIMOAAP JHCIHE MEXHO102USANAD CEPUSICHI
ISSN: 2616-7263. eISSN: 2663-1261



M.9. XKymanog, K./I. BaikymaHnos, H.C. Kam3anos, E.B. Kanues, P.A. Koz6arapos

KabineTTiniri aptazapl. OcbliFaH 6alJ/IaHbICThI, 3aMaHayd PeCYpPCThIK AUMarHOCTHUKanay dAicTepi
MEH Kypa/JapblH KOJIAHy apKblIbl OHBIH, arperaTTapblHblH, CEeHIMJI »KYMBICBIH apTThIpy
’KOJIBIMEH MallMHAHBIH KYMBIC KabOi/eTTi/NiriH apTThipyfa OafFbITTa/iFaH 3epTTeyJep ©63eKTi
OOJIBIIT TaObLIAAbI.

KyMmbicTa 3epTTey 06beKTici peTiHe MaHeTapJIbIK JOHFaNAK PeAyKTOpJapbl TaHJal/bl.
ByJ1 op MalmHa/ia oJ1apblH TepPTeYAeH 60JybIMeH, a Ke3ka3sfaH maxtanapbiHga 68 TOR0-40D
e3iTekkill (1-cypet) xkaHe 20 TORO-501 Tuey-TacbiMasjay MallMHACKI KYMbIC iCTeUTiHAIriMeH
Tycingipinezni. CoHbIMeH Kartap, 6yJ1 peAyKTopJap/blH OeJilieKkTepi MeH KypacTbIpy OipJikTepi
KEeHEeTTeH O3TepeTiH JUHAMHUKAJBIK KYKTeMeJepZe KYMbIC iCTeWJi KoHe Ui 1aMaJaH ThIC
KykTeseai. OsiapZblH caJbICThIpMaJjibl TYpAe TeMeH Te3iMainiri 6ap, Oys  pecypcThIK
napaMmeTpJiepAi, KeHJey ocepJsepiHiH eHOeK CbIMbIMJbLIbIFBI MeH KYHbIH ecelnTey VIIiH
CTaTHUCTUKaJIbIK MaTepUaJsi/ibl Te3 )KMHayFa MYMKiH/iK 6epe/i, 6y >keH/iey HOpPMaTUBTEPiH KoHe
JIOHFaJIaK pe/lyKTOpJIapbIH XX6H/ey/liH XeJiesl KecTesepiH 93ipJiey yiliH KaxeT [1-4].

JdJicHamMa

MamrHasap MeH »abbIKTap bl IMAarHOCTUKAJIAY 9/licTepi MeH KypaJilapbIHbIH, KOMeriMeH
»KYMBICKQ KabiJieTTi »kaFJlalijla ycTay cajiacblHJaFbl 3epTTeyJiep aBUaALUsAA, TEMIpKOJ KoHE
aBTOMOOWJIb K6JliriH/e, MalllHa »Kacay 3aybITTapbIH/A XKYpri3iiesi.

MyH/1ai1 3epTTeyJiep Tay-KeH MalllhHalapbl MeH Ka0AbIKTaphl YILiH )KYprisiiMereH. ATairaH
cajasiapJiaFbl  93ipsieMesiep/ii Tay-KeH ©HepKacibiHe Kelllipy NalJlalaHyAbIH epekKlie
lapTTapblHA >X9He OChbl MalllMHaJap/blH KOHCTPYKLHWACBIHBIH, aupbIKIlIa epeKIlesiKTepiHe
6ailJIaHbICTBI MYMKIiH eMec.

KympicTta anpiHOanbl arperaTTap/bl AUAarHOCTHUKaJay oJicTepi MeH KypasJapblH >XoHe
allHa/bIM KOpBIHBIH, KOpJapblH 0acKapy TeOpHUAChbIH KOJIAAaHY apKblibl [HEBMaTHUKaJbIK
JIOHFAJIaKThl 63JiriHeH >KYpeTiH Ju3esbJi MallMHaJapAblH >XYMbIC KaOUIETTiJiriH apTThIpy
OOMBbIHIIA 3epTTeyJepAiH HoTHXKesepi OasHAanraH. 3epTTey o6bekTici petinge TORO-40D
©3ITOKKILITepAiH [JOHFa/laK peAyKTOpJapbl ajblHAbBI, OJIap »KaJllbl Mal BaHHAcbl 6ap
arperaTTap/blH TUMITIK OKiJJepi peTiHJe »KoHe 63ITOKKIIITep MeH TUETrIlITepe oJapAblH eAdyip
(240-Tan actaMm) caHblHa 6aWJaHbICThl TaHAaAAbl. OTaHABIK >KoHE IIeTeNJiK TaKipube
MallMHaJap MeH »XabJAbIKTapZbl JUarHOCTUKaJay NpOLECTEPIH €eHri3y oJiapAblH KYMbIC
Kabi/JIeTTiJiriH apTThIPYAbIH, MaHbI3Abl Kypa/iAapbIHbIH 6ipi 60J/bIN TaOblIaTbIHbIH KOpPCETe/|.
[cTeH WIBbIFy/Iap/blH yaKThLIbl aJ/IbIH a1y 0JIap/iblH, CAaHbIH a3alTyFa >KoHe, COHbIH, Ca/lZJapbIHaH,
MallMHaJlap/AblH, TOKTAIl TYPYbIH KbICKApPTyFa 9KeJsieZi, OJIapJblH >X6HJey apaJiblK pecypcChbl
TOJIBIFbIPAK NakganaubLIabl [2,4,5].

TexHuKanbIK AUAarHoCTHKa peTTey, 6alTay, »KeHJey *KoHe 0Oacka Ja NpodUIaKTHUKAJBIK,
YKYMBICTApZbl YaKTbLJIbl OPbIHAAY ecebiHEeH MallWHalapAbl NaWAajaHy/blH 6HIMZALIIri MeH
YHEMJiJIITiH apTThIpyFa MyYMKiH/JiK Oepefi.

KypzeJi xkyresiepiiH JanlbIHABIFbI TEK iCTEH LIBbIFY KAPKbIH/bLIBIFbIHBIH 6CyIMeH FaHa eMec,
COHbIMEH KaTap TeXHUKaJIbIK KypbUIFblIAp/Abl KoHe aTall auTKaH/a, MalluHaJap/Abl KaJlblHa
KeJITipy Y3aKThIFbIHBIH, apTybIMEH Jle HallapJahTbIHbl O6eriji. OcblFaH 6aillJIaHbICThI, KaJllblHA
KeJITipy cunaTTaMajlapblH >KaKcapTy HOTHWXKeCiHJe MalllMHaJap/blH >XYMbIC KabiJeTTiairin
apTThIpy MiH/IETi YJIKEH 63€eKTiJIiKKe ue 60J1a/ibl: iCTEH WIBIKKAH 3JIeMEHTTI i3/ley yaKbIThl KoHe
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iCTeH LWBIFY/bI KO YaKbITHI.

Besrini 6osFaHjai, Ka3ipri 3aMaHFbl XKeH/ley XKyHeJiepi arperaTThIK, XKeH/ey aficiHe (AXKI)
HerizfenreH. Herisri TexHoOJOTUSANBIK KabAblKTbl AXKO-re Kellipy/iH Herisri wapTbel -
MallWHaJapAbl e3apa aJlMacThIpbLIAaTbIH aJblHOA/IbI arperaTTapfa, KypacTblpy GipJiKTepiHe ic
Ky3iHzae OeuiliekTey. MamuHasap/bl GeJilleKTey NaijjasaHy >KafFJalblHJa MalldHalap/iblH
YKYMbIC KabisieTTi/iriH KasinblHA KeJATipY/liH eH YHeM/li »K0JIbIH KaMTaMachl3 eTeTiH aJbIHOaJIbI
3JIeMeHTTep/iH OCbIHAAlW HOMEHKJIaTypacblH a3ipJieyai MakcaT eTefi. [leMek, apbip MaluvHa
YLIiH a/ibIHGa/bl arperaTTap/blH, OHTaNIbl HOMEHKJIATYPAChl TYKbIPbIM/IAYbI THIC (2-cypeT).

2-cypeT. TOR0O-40D KypbLIbIM/bIK-PYHKLIMOHAJIBIK, CY/106aChl

1 - aBTOK®IIIK; 2 — KO3FaJTKBILI; 3 — TPAHCMUCCHUSA; 4 — )KYPTri3y MexaHu3Mi; 5 - paMa; 6 — Ky30BTbI
6acKapy MexXxaHU3Mi; 7 — 3JIEKTP »KabAbIKTaphbl; 8 — MaWay KyHeci; 9 — KopeKTeHAipy »xyueci; 10
- CaJIKbIHAATY KyHeci; 11 — KaTaluTHUKaIbIK HeUTpanusaTop; 12 - nopieHbAiK-UAUHAPJIK TOT;
13 - wmiggi-waTyHabl MexaHu3sM; 14 - ra3 TapaTy MexaHu3Mi; 15 - Gepinic Kopabb; 16 -
ruapoTpaHcpopmaTop; 17 - kapAaHAbIK 6epiic; 18 — anabiHFbI 0Cb; 19 — apTKbI 0Ccb; 20 - py/ibAik
b6ackapy; 21 - Texerim KyHeci; 22 - KapTblJlall paMma Torcacel; 23 - pyJbJiK 06acKapyZblH
ruapoxyreci; 24 — reHepartop; 25 - craprtep; 26 - aKKyMYJISITOPJIbIK OaTapesi; 27 - KepHey
petTeriui; 28 - dapanap; 29 - cy3ri asiemenTTepi; 30 - ruapoHacoc; 31 - MaiJibl paguaTop; 32 -
YKOFapb! KbICbIM/Ibl OTbIH HACOCHI; 33 — OTBIH/BI a/IbIH ajia KbI3AbIPFbILI; 34 — OTBIH CY3Ti/IEpiHiH
asieMeHTTepi; 35 - aya TazapTKpIll; 36 — cy Hacochl; 37 - paauaTop; 38 — TepMmocTat; 39 - TyTiH
ras/lapblH KaTaJU TUKaJ/bIK Ta3apTKpbI; 40 — 6J10K-IUAUHADP; 41 - »iHAl 6ijik ((KUHaFbIMeH); 42
- O6euin-taparty 6iniri (ckuHarbiMeH); 43 - ¢pukyuoHzap; 44 - copfbl Terepiuiri; 45 -
TypOUHAJBIK J6HreseK; 46 - peakTop; 47 - apaiblK KapAaHJblK Oepinic; 48 - »xeTekiui
JIOHFa/llaKTapAblH KapAaHAbIK Oepinici; 49 - guddepenumnan; 50 - KOHYCTBIK LUJIAHIPJIIK
6epinic; 51 - crynuua; 52 - OypbuLIbIC UUAWHApJAepi; 53 - Oypy Ti3beri; 54 - kJanaHABbIK,
TapaTywbl; 55 - pyJsbJik 6ackapy 6Jiorbl («OpoUTpoOJ»); 56 — rUApoaKKyMmyasTopJap; 57 -
Texeril KpaHgapbl; 58 - Typak TexerimiHiH nquauHApJepi; 59 — apTKbl kapTblial ock; 60 -
ruipoHacoc; 61 - ketepy UMJUHApJepi; 62 - Kopmnyc KeTepriul UUJIUHADP; 63 — KOPHYCTHIH,
TUApaBJMKaJbIK XXYHeCiHiH HeTi3ri AUCTPUObIOTOPHI
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AXKO-HiH  Herisri apTBIKWBUIBIFBI - MallMHaJaFbl aJblHOa/Nbl  arperaTTapAblH
KOHJeJMeUTiHAIriHge. AKay/iblapZiblH OpPHbIHA MalllMHafa alHa/bIM KOPbIHAH arperarTap
OpHaTblIaAbl. JleMeK, »KeKeJlereH arperarTapzbl JaWblHJAY >KoHe X6HJey CalacblH apTThIpY
ecebiHeH MalllMHAHbIH, )XYMbIC Kabi/1eTTi/liriH apTThipyFa 60s1a5bl1.

Kannbl Mail BaHHACbIH/|A )KYMbIC iCTEHTIH apbip OeJileKTiH KypblIbIM/BIK TapaMeTpJiepi
TaHAaJAbl, OJIAPAbIH LIEKTI MoHJepiHe KeTKeHJe PeAyKTOp KypZeJi »KeHJeyre arbITbllajbl
>)KOHe OHTaWJIbl IUATHOCTUKAJIAY d/iCi KOJIJaHbLIa/bl.

MaiiMeH JKyMbIC iCTEWTIH O6eJilleKTep MeH KypacTblpy OipJsikTepiHiH Kemuisirin
JIMarHOCTUKaJay blH 6acbIM 9/lici Mai/ibl CIEKTPJIiK Taa4ay 60JIbII Tabbllazbl.

AXKO kesiHjie TO3y A9pexeci TeK coJl 6eJIlIeK NeH WeKTi TO3ybl Ke3iHze arperar XeH/Jeyre
aJIbIHBII TacTa/laTbIH KypacTblpy Oip/ikTepiHiH TyHiceTiH 6eJilieKTepi yiliH FaHa aHbIKTaJ1a/ibl.
JKCIEepUMEHTTIK 3epTTeyJsep Ke3iHAe 6ip Mall BaHHACbIHJA >KYMbIC ICTEHTIH [JOHFajlak
pelyKTOPbIHBIH 9p6ip 66JileriHiH XUMHUAJIbIK KypaMbl MyKUAT 3epTTe/i (1-kecTeHi KapaHbI3).

Maiabl ciekTpJiK Tajjay/Zbl NalJlaslaHy Ke3iHJle Mau CblHaMaJIapblH ajlly ©Te >KayallThbl
omepanusa 6oJsbill Tabbuiafbl. Tangayra apHaifaH 3TajoHzap TORO-40D esiTexkilmTepsiH
arperaTTapblHa (rMJjpoMexXaHUKaJbIK Gepisic Kopabbl, Kemipjep, [JOHFaJlaK pefyKTOpJiaphbl
»K9He T.0.) KOJI/JaHbLJIaThIH KaHa MOTOP Maibl HeTi3iH/e JalbIHAaAbI [5-7].

1-kecte. TORO-40D e3iTekkilITep/iH AOHFaNaK 6episic 66JIiKTEPiHIH XUMUSJIBIK KypaMbl

JneMeHTTepPAiH opTaua Kypamsbl, %

Ne | besiiektepid ataybl | CaHbl

C Mn Cr Cu Si Ni
1 KyH Terepuuiri 1 0.5 0.6 0.2 0.3 0.3 0.3
2 | XKerekTeri Terepuiik 1 0.4 0.6 0.6 0.3 0.3 1.2
3 Carennut 3 0.5 0.6 - - 0.3 0.3
4 | Catensut 6apMarbl 3 0.4 0.6 0.9 0.3 0.3 0.3
5 KapTtbinait ec 1 0.5 0.6 0.2 0.3 0.3 0.3
6 [ynbIK 1 0.1 0.4 0.7 2.9 - -
7 KerekTerim 1 0.3 0.6 0.2 0.3 0.3 -
8 KapTtbliai 1 0.4 0.6 0.5 0.3 0.3 0.3

6C CaKWHaChI

Maii ceiHaMasiapbl pelyKTOp Y1UiH MaHbI3/bl Ke3eHJep/e aJlbIH/bl: iCKe KOCblIJIFAHHAH KeWiH,
Mal KOCKaHHAaH KeWiH, Mald aybICTbIpFAaHHAH KeWiH, »KaJlllbl BaHHAaJa >KYMbIC ICTEWUTIH
OeJilIeKTeP/IiH, TEXHUKAJIBbIK PECYPCbIHbIH, €H TOMEHIi MoH/lepiH/e peAyKTOpAbl ajblll TacTay
anapiHAa. Mal celHaMasnapbiHblH, Tangaybl M®C-7 KOHABIPFbICBIMEH K9He aWHbIMaJibl TOK
JIOFaCbIHbIH, T€HEPATOpPhl, LUTATHUB, NOJYXPOMATOP KoHe 3JIEKTPOH/bI-TipKey KOH/AbIPFbLIApHI,
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3epTXaHa/IblK MUKpOAHAJUTUKAJBIK YJTijeri Tapa3bliap koHe T.0. KelleHiH/Jeri cbiHaMasiap/ibl
JlaiiblH/layFa apHa/IFaH KOH/AbIPFblJIApMEH »Kab/JbIKTa/IFaH apHalbl 3epTxaHaa XKyprisinzi.

HoaTtmxesiep MeH Ta/IKbl1ayJ/1ap
Maiigbl crnekTpJiik Tanzay OOWbBbIHIIA JUAarHOCTUKAHbl €Hri3y TO3aTblH OeTTep/iH,
OeJILIEKTEPIH 6JILIey, XKUBIHTBIK, )KYMBbIC iCTey YaKbITbIHAH TO3y/bl a/ly YIIiH eJley JepeKTepiH

eHey 6=f(2R) ’)KOHEe TO3Y/[blH CbhI3bIKTBIK ILIaMacblHAH MaWJafFbl TO3FaH MaTepHuaJl[iblH

MaccachlH any GoibrHma M= F(‘S) Y/IKEH JAaUBbIHABIK XYMBICTApbIH KYpridyAi Tasan etTi. bya
TAyeJJJiIJIIKTep/li Te3ipek ajy VIUiH €eH a3 CaHAbl eJilleyJep KYprizy KakeT 00Ji/bl, SFHHY,
JlepeKTepAi TeK peAyKTOp KypZeJii }KeH/ieyre ajlbIHbIN TacTaJlaThblH OeJilleKTep YUIiH FaHa aay
Kepek 60J1/1bl.

KymbicTa pecypcTbl 66/y/iH bIKTUMaJ/AbIK TEOPHUACHl KaObLIJaH/bl, OHAA 9p6ip KeHjey

A
6ipsiriHiH MUHUMaN/BI (R ), opTalua / )K9He MaKCUMaJJbl (R pecypc MaHepi, OHBIH
Tapajly 3aHbl MeH napaMmeTpJiepi 6ap. PefyKTopAblH KypAesi >eHJeyre ajblHyblHa cebel

min

. R =
00J1aThIH 69]1H_IeKTepFe peCypCbIHbIH MoHI MUHHUMaJIbl 00JIaThIH 6enmeKTep Kartagbr ™" ax

min

, MyHJla ™ — MaKCHMaJl/ibl peCypCTblH, MUHMMaJI/Ibl MaHi. 3-cypeTTe 1, 2, 3, 4-6eJi1eKTep YuUIiH

R i wome "o opHaJjacy rpaduri 6epiaren [5-7].
A (Rwin')-,uaH B (Rmmz)-Fa JediHri apanbiKta 1, 2, 3-0eJillIeKTepiH iCTEH LIbIFY >X9HE

pelyKTOP/IbIH, }K6H/IeyTe ajlblHy bIKTUMaJAbIFbI 6ap. R YKYMBIC iCTey yaKbITbIHA KeTKeH/e 2-
06JILIEKTIH iCTeH IIbIFY K9HE PeAYKTOP/AbIH XKeHJeyre ajlblHy bIKTUManAbiFbl 100%-Fa xxeTesi.

min

Rminl = maxi 6 1 1 6 = (E R)
0OJIaTBIH 66JILLIEKTep YUWIH acCHallTbIK eJileyJjiep apKblJIbl €CeIlTey YII1H

& =F(m)

KoHe JlepeKTepi asblHaAbL. 3-cypeTTe 6y 1, 2, 3, 4-6eJ11eKTepre KaTbICTHI.

5,% A B

Ront /P"." r‘P~ E":( 'P'. e R

3 - cypeT. Pecypc napameTpJiepiH asy ylliH 6eJilieKTep/i TaHAay

Pecypc MaoHepiH 6eyAiH bIKTUMAJIIbIK TEOPUSICHI Ke3iH/e TO3y/bIH LIEeKTi mamachl R-geH

R -Ka JeUiHr] leKTep/e dapTypJli 2KYMBIC iCTey YaKbIThIH/Ia OPbIH a/lybl MyYMKIiH. ByJ1 xkarainia
peAYKTOP/bIH, TaHJa/IFaH OeJilieKTep TOOBI YILUiH JiIeTUpJieylli KocnaaapAbl aHbIKTAy KaKeT,
OJIap/iblH MaWJaFbl Ma3MyHbl OOUBIHIIA 9p6ip G6JIIEKTIiH T3y JA9pexKeci Typasibl KOPbITbIH/bI
»KacaJsiagpbl.

EH ken eHOEKTi KaXKeT eTeTiH MiHJeT — pelyKTOp KapTepiHJeri JierupJieyili Kocnajap/blH,
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MaccacblH TO3y JdpexeciHe GalJlaHBICThI OeJilleKTep apacblHAa 6esy. bys »xarpaiza apbip
OeJilleK YIIiH albIpbIM OesriziepiH Taby KakeT, oJsiap OOWMBbIHIIA MaWlAafrbl Oesrisi 6ip
KOMIIOHEHTTEP/IH OfaH THeCiJli eKeHJIri aHbIKTaJaJbl. 2-KecTele PeAYKTOPAbIH XeHJeyre
aJIbIHyblHA ceben 60JIaThbIH TOPT O6JILIEKTiH XMMHUAJIbIK KypaMbl KeJTipiJireH.

2 - kecte. TORO-40D aBT063iTOKKIIITIH JOHFaIAK 6epijic 66/iKTepiHiH opTalla XMMUSJIBIK,
KypaMbl

JneMeHTTepPAIH opTalua Kypambl, %
Ne | BesnmekTepaiy ataybl | CaHbl
C Mn Cr Cu Si Ni
1 | KyH Terepuuiri 1 0.5 0.6 0.2 0.3 0.3 0.3
2 | Kerekreri Terpeiuik 1 0.4 0.6 0.6 0.3 0.3 1.2
3 | Carennut 3 0.5 0.6 - - 0.3 0.3
4 | CaTennuT 6apMarbl 3 0.4 0.6 0.9 0.3 0.3 0.3

KecTe Heri3iH/ie apbip KocnaHbIH MeJiliepi 6acka KocrnaJapblH MeJilepiMeH 6alJIaHbICT bl
Jlen aiiTyFa 6os1a1bl. Ocbl 6alIaHBICTbI AM/JaslaHa OTHIPHIMN, TEHAEYIep Kyheci KypacTblpblIa/ibl.
Herisri sierupsieymii MaTepuan peTiHAe Mn  anblHAB, ceb6ebi os1  GeJseKTepiH
MaTepUa/lJapblHJa YJIKEH MaH/Je KoHe TeH MeJllepae Kesjeceni. Ecenteyai »keHijgeTy yIIiH
TeHAeyJepAi TepT KoMmmnoHeHT (Mn, Cr, Ni, Cu) 6oiibIHIIa KypacTbIpaMbI3 »K9He OJIApAbIH
MaccacblH Mn 3KBHBaJIeHTiHe TeHeCTipeMis:

Y Mn = Mn, +Mn, + Mn, + Mn,, )

Mn, Mn, Mn,
) ) )

Mn . o
MYH/IaFbl 5 Mn4, 1, 2, 3, 4 GesieKTepiHiH TO3yblHAH Naija 60JFaH

MaKJaFbl MapraHelTiH MeJllepi, I.

S Mi, = Ni, + Ni, + Ni, + Ni,, (2)

MYH/JAFbl 2 ' _ chinama aJsly CoTiHAEe pelyKTOp KapTepiHAeri HUKeJb/iH, aJIbl Maccachl,
r; Niy, Niz, Ni3, Nig - 1, 2, 3, 4 GesiieKTepiHiH, TO3ybIHAH Naia 60JFaH MaWJarbl HUKEJb/iH
MeJiiepi, I.

Mi-zi akBUBasieHTTi Mnj-re ajiMacTblpaMbI3. 2-KecTere calikec 1-6esiiekTe Mn mMesepi Mi-
JleH 2 ece Kerl, 3 xaHe 4-6eusiekTepie Mn-zeH 2 ece a3. CoHzia (2) TeHAeyi KeJseci Typre KeJegi:

YN, =0.5Mn, +2Mn, +0.5Mn, +0.5Mn_, (3)

Ocbutaiima 21 xane 2 CY YIIiH TeHAey/Iep KypacTbhIpaMbl3:
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3 Cr = 0.33Mn, +2Mn, +1.5Mn,, (4)

Y Cu = 0.5Mn, +0.5Mn, +0.5Mn,. (5)

CHekTpJliK Tanjay JepeKTepi: 2 Mn =240r . ¥ Ni=140r, ¥ Cr =80r, ¥ Cu =80r

Mn, = 2% N, —4Mn, - Mn, - Mn

(3) popmynaceiHaH +*TabaMbI3. (1) popmysiacel 60¥bIHIIA

2Y' Ni—- Y Mn

Mn, = =13r
3 TabaMbI3.
Ocbutaiima 2 M1, = 132F;2Mn-‘ - 79r; 2 Mn, =168 o6amps. Ocor JepexTep/i maitjanaHa
OTBIPHI], d = F(m) ToyeJs/iJiri 60MbIHILIA 9pOip Ke3eKTi JMarHOCTUKA/laH KeliH apbip 6eJIeKTiH

TO3Y LIaMachl O aHbIKTAIAABL.

BapsiblK acnanTblK —eJieysiep Tay-KeH-IaxTa »KabAblKTapbl 3aybiThiHZa (TKLIIXK3)
PeAYKTOP/ibl KeHJeyre OeJilleKTey Ke3iH/e >KoHe OeJlleKTep/i akayblH aHbIKTAy Ke3eHiHe
Kyprizingi. To3aTblH O6eTTep/iH CbISBIKTBHIK 6JIlIeMepiH eJillley KYMbICTA d3ipJiereH
TEeXHOJIOTUSJIbIK KapTaslapAbl Nakia/laHy apKplJbl XKyprisisiei. To3FaH MaTepuasliblH MaccacblH
eJilIey HeTi3iHeH 3epTTeJIeTiH O6JIIEKTI eJilley apKbl/bl )KYprisisesai.

4 - cyper. d TO3Yy MAHiHiH, M TO3FaH MeTaJlJl MacCacblHA TAYeJiJiri

BOJIIJ_IeKTiH TO3FfaH MaTe€PHUAJIBIHBIH XXUbIHTBIK MaCCaCbI Mj KeJieci MaTeMaTHUKaJIbIK cl)opMyna

m =m,-m, m

HeTi3iHJe ecenTeJse/i: , MYHJaFbl KepCeTKiluTepAiH MoHi: W - GOJIEKTiH
HOMUHaJJbl (6acTamnkbl) Maccacbl. bys1 KepceTkill OYHWBbIMHBIH, TeXHUKAJbIK NAacIOpPTbIHAH

HeMecCe 3aYbITThIK »KYMbIC Cb136aJIaprHaH HaKTblJIaHA/bl, m, _ HaﬁﬂaﬂaHy Mep3iMiHeH KeHniHri

HeMece CbIHAaKTaH 6TKeH 06JIIeKTiH ic )Ky3iHzeri (eJilieHreH) Maccachl.
3epTTey 6apbIChIH/A a/IbIHFAaH O6apJIbIK eJ111ey AepeKTepi MYKUAT CTaTUCTUKAJIbIK 6HJeY/1eH
eTKisiynesi. Toxxipubestik )kyMbIC HOTUKECiH/le TaHAall aJibIHFaH 8 6ipAel 6eJleKTiH 9pKanlChIChI
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YUIIH >KeKe KepCeTKILITep aHbIKTaJbIII, d=F(R)

KypacThIpbLI/bl (4-cypeT).

Byn rpadukanblK JepekTep TO3y LIaMacCblHbIH »KOFaJTKAaH MeTa/l/l MaccacblHa TikeJsel
KaTbICTBLJIBIFbIH XK9HEe 66JIIEKTiH Nai/jla/laHy pecypcblH HAKThI aHbIKTayFa MyMKiH/iK 6epefi. 4-
CypeTTe KepceTi/reHiel, MeTaslJl MacCaCblHbIH, KEMYyi MEH MeXaHUKaJbIK, TO3Y/1blH apacblH/AaFbl
NpONOpIMOHaAAbl 6alyiaHbIC OeJilleKTepAiH OepikTik cumaTTaMacblH 6arajiay/blH Heri3ri
KpUTepHUili 60J1bIN TabbLIaBbI.

TYpiHZAeri QyHKUMOHANJBIK ToyeaAiniKkTep

: d . . d
[lekTi TO3y ™ JaWbIHAAYIIbI 3aYbITThIH, [JE€peKTepl OOMBIHILIA AJIbIH/ BI. mE XKoHe

JIMarHOCTHMKaJay apKblLibl aJbIHFAaH R 3KyMbIC icTey yaKbIThIHZAFbl TO3y IaMachl GOMbIHIIA
60/xaM/ibl pecypc MblHa GpopMyJia 60MbIHILIA aHBIKTA/bI:

MalllMHa-cafaT (6)

MYHJaFbl R - eJiiey ke3eHiHJieri »KyMbIC icTey yaKbIThl; N - TO3y TYpiHe 6GailJIaHbICTbI
60J1aTbIH KO3QPUIMEHT, aHbIKTaMaJIbIKTap/ia KeJaTipiieai.
6 =f(m,)

CaTesiuTTEp MBICAJIBIHAA o TOYeJIAIJIIr JierupJeyili KocrnajapAaH § = f(m ))
Cu

6=f(mm)

’)KoHe T.0. aJIbIHJbl. OpOIp KYMBbIC iCTey yaKbIThl OOHBIHILA >XOHe OeJrijyi To3y

maMaJiapbl Ke€31Hae E N2 z cr? EmM" >KoHe T.0. coMaJiaphbl Ta6bIJI,£LbI.

Ym, =m_+m_ +..+m_;
Ym =mg +m +..+m_;

m, m, ,1m,. m,_ , m m . oo .
MYHAAFbl M7 0 Na? e’ e ThMet TMa _ ]-neH n-1i 6eJilieKKe JeriHTi 5, 9,9,

TO3ybl Ke3iHJeri HUKeJib, XpOM, MapraHel, KoHe 6acKa JierupJieyli KocnajapzblH, Maccachbl.
Ocblnaiiia, apb6ip »KYMbIC iCTey yaKbIThl YIIiH 6apJiblK 8 6eJillleKTiH TO3yblHaH Maijaa apoOip
KOMIIOHEHTTIH KaHIlIa 00Jiybl KepekTiri ecentesefi. Ocbl AepekTep OOHbIHIIA JOHFa/IaK
pPeAYKTOPBIHbIH, 9p6ip OeJlleri yiliH pecypc MaHAepi, Tapajy 3aHJAapbl >XoHe OJIap[blH
napaMeTpJiepi aHbIKTaJ1a/lbl.

KapTepaiH arbI3bLIFAaH JK9HE (KYMbIC icTenm TypfaH MaWJapblHAAaFbl JerupJeyuli
KoCHaJap/blH, KaJlbl MacCacblH aHbIKTAY 9/jici yCbIHBLI/bL. By Macca peilyKTop 6eJileKTepiHiH,
TO3FaH MaTepuaJibIHbIH MaccacblHa COMKeC KeJlyi THUiC. OAICTiH MaHi Keslecizen:

1. KapTeperi MaliiblH €H TOMEHTI ieHTreliHe )KeTKeH/ie CbIHaMa aJibIHA/ibl;

2. CblHaMa a/FaHHAH KeliH MakcUMasl/ibl 6eJrire ediH Mall KyHblaabl;
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3. KyWbl1aTblH MaWAblH KejaeMi * e "’ MyHZAA Ve Vi — KapTepJeri Man/blH
MaKCHMaJl/ibl )koHe MUHUMaJI/J bl KeJieM/epi.

4. BesekTep/iiH TO3yblHAH Maii/la 60JIFaH »K9He aFblll KETKEH MaliMeH Oipre peAyKTOp/AaH
IIbIFAapbLJIFAaH KOMIIOHEHTTEP/iH, aJlllbl Maccachbl MblHa popMysia OOUBIHIIA ecenTees|:

2 m('r = m(?q + m{frz + i + m(frn ;

zmMn = mMn| + mMn2 +... mMnn »KoHe T.6.

m_,m. m_,m_,m m o .
MYH/AFbl Cn? "en? Cr 7 7N 7 M 2 Mmoo —  coWKeciHme Cr, Mn 2KoHe T.0.

KOMIIOHEHTTEePIiHIH Maccachl, aFblll KeTKEH MalMeH KapTep/eH LIbIFapblIFaH aHe 1, 2 ... n peT
Mal KOCKaHHaH KeHiH aJIbIHFaH.

5. 0= f(m| ) TOYeiIIKTEPIH aly YILiH ecKepilyi KaXkeT apbip sierupJieyii KoCnaHblH, XaJlIlbl
Maccachl MblHA TEH/AEY/leH Tabbll1a/bl:

EM. =M’ +M'+M’,

z d

M, M aybICTBIPYy KOHe aFblll KeTy Ke3iHJe KapTepJeH ILIbIFapblIfaH 1 - wLii
b

JIeTUpJieyili KOCHaHbIH, »aJlllbl Maccachl; M; _ KapTep/ie )KYMBIC icTell TYpFaH MalZjlaH COHFbI

MYHZarbl

o . d=1(IM,)
CbIHAMa aJ1y Ke31HJeErl 1-11 JIETUPpJieyIl KOCITdaHbIH MaCCacChl. COH,E[a s

JlvarHoctukasay Mep3iMaijiri (v) JOUArHOCTUKAJNlay MeH »KeHJeyre KeTeTiH MEeHIUIiKTi
IIBIFBIHAAP MUHUMaJJbl 00JIaTBIHAAW eTin TaHJaaybl KaxeT. /JluarHocTHKajsay Mep3iMAiJiri
»KaJlMbl TypJie MblHA popMyJia 6OUbIHIIA aHbIKTaJabl:

T=WR, yam. carar (7)

MYH/Afbl M_ OHTAWUJIbUIBIK KO3(QHUIMEHTi, OHTaW/Jbl Mep3iMAiJIKTIH iCTeH WbIFyaap
apacblHZaFbl OpTallla »KYMbIC iCTey yaKbITbIHAH KaHILIa ece apThIK HeMece KeM eKEHIH KepceTez.

[cTeH wIBIFyFa JENiHTI )KYMBIC iCTey yaKbITbIHbIH 3KCIIOHEHLIMAJIIbl Tapasay 3aHbl Ke3iHze
OHTaWUJIbIBIK TEHJEYi KeJslecCi Typre ue 60/1aabl:

e”“—}a:—l—&=0,

K (8)
1
A=—
MYH/AFrbl R _ icTeH HIbIFYyJIap af bIHbIHBIH napaMeTpi.
BeliOyis1 Tapasy 3aHbl Ke3iH/e:
JLH. T'ymunes amoiHdarst Eypasus yaimmuik yHugepcumeminiy XABAPIIBICHI. N91(154)/ 2026 141

TexHUKa1bIK FolAbIMOAAP JHCIHE MEXHO102USANAD CEPUSICHI
ISSN: 2616-7263. eISSN: 2663-1261



M.9. XKymanog, K./I. BaikymaHnos, H.C. Kam3anos, E.B. Kanues, P.A. Koz6arapos

s
opT fe“RﬂdR+a1:ﬁ—%=0

—otf
A (9)

MyHgarbl &, p_ Tapasly napameTpJiepi.

5-cypeTTe TeXHUKaJblK HbICAHHbIH, HAKThl OeJIriJIeHTeH »KYMbIC peXHUMi MeH KopliaFaH
OpTaHblH, MNaWJaJaHy JKafFJaujapblHa COMKeC, JAMArHOCTHKaJay llapaJapblHbIH ©TKi3iay
YKUiJiriHe 6al/IaHbICThI AaIATTHIK XXOH/ ey bIKTUMaJI/IbIFbIHbIH, 63repy JUHAMUKAChl KOPCETIJITeH.
['padukTiK MaJjiMeTTep Ke3eKTi TeKcepyJiep apacblHAAFbl YaKbIT apa/ibIFbIHbIH y3apybl MeH
KeHEeTTeH OPBbIH aJIaThbIH iCTeH ULIBbIFY >KaFJauJapblHbIH, apacblHAAFbl TiKeJel KOoppeJsdalysaHbl
alKbIH OelHenenai.

By Toyenfisik Kesieci MaHbI3/bl aclleKTisiep i amazbl:

Jlvarsoctukasay Mep3iMAiJiriHig acepi: TekcepyJsiep apacblHAAFbl UHTEPBAJIAbIH, Y/FAObI
a6 bIKThIH Kal-KyHiH Oakbliay JeHrediH TeMeHJETill, anaTTbIK KeHJeYy >KYMbICTapbIHbIH
TYBIH/AY KayIliH e1ayip apTTbIpajbl;

[Takipanany Tuimainiri: CypeTTeri KUCbIKTap TEXHUKAJBIK KbI3SMET KOPCETY/AiH OHTaMJIbl
KecTeCiH Kypy YILUiH Heri3 60Jibll TaObLIajbl, Oy 6HAIpIiCTIK MIBbIFbIHAAPAbI a3alTyFa KoHe
TeXHUKaHbIH CEHIMAI/IrIH )XoFapblIaTyFa MYMKIHJIK 6epeji;

blkTuManzaplK 6o/pKkaMbl:  AJIbIHFAH  3aH/JAbUIBIKTAp apKblbl HAKThl  MNaijajaHy
KaFJlailapblHAa *KabJbIKTbIH iCTeH WIBIFY KayliH ajjblH asa OoJspkan, npoduaKTUKAJBIK
lapaJsiapZibl yaKThLJIbI XKOCIapJiayFfa 60J1aabl.

A

R %

1)

75

P ,/
25 /

_——

/ —

B

a4 as T, MbIH.COF.

5 - cypeT. XKui fuarHocTrkasay MeH aBapUsIIbIK XKOH/IENYAiH bIKTUMAJbIIBIK TOYeIiiri

Ocbnaiiia, 5-cypeTTe OelHeJIeHTeH >XKHi JMarHOCTUKajslay MeH aBapUsJIbIK >KOHJEY/iH
BIKTUMAJIABLIBIK  TOYEJJiJiri  TeXHUKa/bIK JKydesjepJiH  KayillCi3Zlik  cTpaTerusiCblH
KaJ/IbIIITACThIPY/Aa Welyuli peJs aTKapabl.

KapTepaeH Mal cblHaMaJjiapbl KeJieci »KaFAaujap/a ajblHa/ibl: OYHbIMHBIH, iCKe KOCBIJIYbI
asgKTaJFaHHaH KeWiH, apbip Mall KOCy 9He aybICThIpy/laH KeliH, COHZai-aK Mall BaHHACbIHJ A
YKYMBIC ICTEHTIH XKeKeJiereH 66eJIeKTepAiH TO3y AdpexeciH aHbIKTay YIUIiH.

Manzbl icke KOCy, KOCY »K9He aybICTbIpy Mep3iMAiIiri nanjansaHy *eHiH/Jeri HyCKayJ/bIKTa
kepceTiireH. CbiHaMa ajiy/iblH Mep3iMAiJIiri MeH caHbl OHTalJIaHAbIPbLIA/bI.

TexHMKabIK capanTaMa XXypri3y 6apbICbIH/Ia, €H, aJl/IbIMEH, 60/KaM/Ibl KaJIbIK PeCYpChl R,
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MIiHJETTI TypJle ecenTesyi KaxeT peAyKTOPJbIH Heri3ri OeJilieKTepi MeH KeKe KypacTblpy
6ipsiikTepiHiy, Ti3iMi allKbiHAaAMaAbl. Bys Ke3eHJe «CEHIMAIMIKTIH 9/iCi3 OybIHbI» MPUHLMII
KOJIJAaHbLJIa/Ibl: IFHY, KaJIIbl arperaTThbIH, iCTeH LIbIFybIHA OipiHILII Ke3eKTe ceben 60J1ybl MyMKiH,

min

MaKCHMaJibl pecypcbl ~ ™ eH a3 MoHre He 6oJlaThbIH OeJIIeKTep MeH TopalTap epeklie
MYKUATTBLIBIKIIEH TaHAAl ajJblHa/bl (6-CypeTTi KapaHbl3).

Bys yaepicTiH MaHbI3bLIBIFbI Kesleci pakTopaapMeH Heridenesi:

CeHimAinikTi 6aranay: Pecypc mMesiepi TeMeH GesekTep/i (Mbicasbl, TiCTi A6HIeeKTep,
MOWBIHTIpEKTEP HeMece ThIFbI3/IaFbIIITAp) al/blH ajla aHbIKTAy OYKiJl MeXaHU3MHIiH anaTChI3
YKYMBIC iCTeY YaKbITbIH J[9J1 60/KayFa MYMKIiH/iK 6epeni;

JlMarHOCTUKAHBIH, OHTaWJIbl NapaMeTpi: 6-CypeTTe KoOpCeTiJreHJel, [AUAarHOCTUKAJIBIK
apaJiap/ibl 6TKi3y/liH eH TUIM/li yaKbIT apa/iblfbl MEH 3€pTTeJIETiH Y/ATinep/iH (CblHaMalap/iblH)
KaKeTTi caHbl HAKThI CTATUCTUKAJIBIK JIepeKTep Heri3iH/e GerisieHei;

JKOHOMHUKANBIK TUiMALNIK: BeJsekTepAiH To03y KapKbIHABUIBIFBIH 0aKbliay apKbLIbl
YKOCIapJiaH ThIC XKOH/ley LIbIFbIHAAPbIH a3alTyFa KoHe TeXHUKAJIbIK KbI3MeT KOpCeTy KeCTeCiH
OHTaMWJIaH/JbIPYyFa XKaFJau kacaaaabl.

OcpLianila, AMarHOCTMKAaHbIH, OHTAMJIbl yaKbITbIH AYPBIC TaHJAAY >KoHe aJIbIHFaH YJIrijep
CaHbIH HaKThbl GeJrisiey peiyKTOPAbIH KbI3MeT eTy Mep3iMiH y3apTy/iblH Heri3ri kemisii 60JbIn
TaObLIaAbI.
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6 - cypeT. luarHoCTUKaHbIH OHTANJIbl YaKbITbIH YK9HE aJIbIHFaH YJITiIep/iiH caHbIH Oesriiey

['padukTe (6-cypeT) d,0- 6eseKTepAiH TOo3ybl Nakbi30eH; R — MallMHaHBIH )KYMBbIC icTey
R R | Rmin,‘ . . .
yaKbIThl Malll.CaF.; =~ mnt, w2, * -1, 2 xoHe 3-11i 66/11€KTepAiH MUHUMAJI/Ibl pecypc MaH/epi,
R R _R_. .
mal w2 TRmed — o Jrap/iblH, MAKCUMaJ bl MOH/EDI.
: R .
ArperaTTbIH )XYMBbIC iCTey YaKbITbl ™ -Te ’KeTKeH/je, COHFbICHI aJIbIHBII, KYpAeJii ’KeH/leyre
R R R o meiiicir R, R., R, S
XKibepinyi kepek. ~ mn -f1eH -Te JleHiHri Auana3oHfa =~ mni, w2, * MaH/Iepi Tycefi.
KoOpBITBIHABI

ArperaTThIK XeHJey d/ici Ke3iHJe e3/iriHeH KYpeTiH Tay-KeH MallWHaJIapbIHbIH, }YMbIC
KabiJeTTi/iriH  apTThIPYy oOJIapJblH, arperaTTapblHbIH CEHIMJi >KYMBICBIH PeCypCThIK
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JAUArHOCTUKa/Iay d9icTepi MeH KypaJiJapbl apKblibl apTThIPY KOJILIMEH KOJI KeTKi3iieai. by
MaKn /bl CIEKTPJIK Taazay aAicTepi MeH Kypa/LapblHbIH KOMeriMeH iCTeH LIbIFyJIap/blH, a1/ blH
aJly apKacblHJa anaTThbIK XeHJeyJepre KeTeTiH WbIFBIHAAPAbLI K9He OChbl KeHJeyJiepaeri
MalllMHaJIap/bIH TOKTAM TYPYbIHAH 00JIaThIH WIbIFbIHAAP/bl a3aH Ty apKbIJIbl KOJI XKETKIi311i, 6y
arperaTThblH aJjiblHFaHFa JeliHri 60o/nKaM/ibl Ko9HE KaJ/AblK PeCcypCcblH aHbIKTayFa MYMKIiH/JIK
6epeni.

By ka0 bIKTap KEH 6H/ipy NPOLIECiH/le MaHbI3/IbI peJ aTKapa/ibl, ajaii/ja oap/blH CEHIMi
9pi Y3AIKCi3 )KYMBIC iCTeyi TEXHUKAJIBbIK KbI3SMET KOPCETY MEH KOH/ley KYHeCiHiH TUiMJiairine
Tikesiel GailslaHbICThI. Toaxkipube KepCceTKeHIEN, KepacTbl TEXHUKATAPbIH XXOHAEY/liH A3CTYpJi
dAicTepi Ka3ipri eHAipicTik TasanTapFa TOJBIK COMKEC KeJIMen/li )KoHe TUIM/iJIITi ToMeH.

O3/1iriHeH »KypeTiH *KabAbIKTap/AbIH THIM/iJIITiHiH TOMeH/leyiHiH Heri3ri cebenTepiHiy 6ipi -
MalllMHaJIap MeH 0JIap/blH HETi3ri TopanTapblHbIH TEXHUKAJIbIK, KaFAalblH TYPAKThI 6aKbLIayFa
MYMKIiH/[iK 6epeTiH [AUArHOCTUKAJBIK JJicTepAiH KeTKinikci3 KojajgaHbuiybl. MyHpaau
O6aKblIayAblH 00JIMaybl >KabJbIKTap/blH, KyTIereH JepJieH iCTeH IIbIFyblHA, OHZAIpICTiK
NPOLIECTiH 6asysiaybIHA KOHE KO H/IeY LIbIFbIH/aPbIHbIH apTyblHA dKeJe/l.

CoHABIKTAaH AWArHOCTHUKAJBIK JepeKTep HerisiHJe KOHIAbIPFbLIAP/bIH, 60/DKaM/bl KoHe
KaJIFaH KbI3SMEeT eTy Mep3iMiH aHbIKTay TeXHHUKa/blK KbI3MeT KOpCeTyZi >KOocClapJayFa,
anaTTap/iblH a/lIblH aJlyFa »KoHe »KabAbIKTap/Abl NakAalaHy TUIMJIIITiH apTThIpyFa MYMKIiHAIK
6epeni.

ABTOpJIap KOCKaH yJieci

M.9. ’)KymMaHOB - 3epTTey TYKbIpbIM/IaMachl M€eH KyHe apXUTeKTYpachlH d3ipJiey, MaKalaHbl
a3y, HOTHKeJiep/li MHTeplnpeTalysaay, MaKaJaHblH apusijayFa apHaJfaH COHFbl HYCKaCbIH
OeKiTy, AepeKTep/iH TYTaCTbIFbl MEH AYPbICTBIFbIHA YKayalKepIlIiJiK;

K.J. Bai>kyMaHOB - /[iepeKTepAi >KHHAy, 3KCIEPUMEHTTIK KYMBICTApAbl KYpri3y,
HOTWKeJIep/li MHTepIpeTanysaaay;
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Kazaxckull HQUUOHA/IbHbIU yHUBEpcUmMem umeHu asb-Papabu, Aamamel, Kazaxcmax
2Kazaxckull HAUUOHA/bHBIU Uccaedo8amebCKull mexHuYeckKull yHugepcumem umeHu K.H.

Camé6aesa, Aamamul, KazaxcmaH
SALT Yuueepcumem umeru M.ToviHbiwnaesa, Aamamsi, Kazaxcmax

INoBbIlIEHHUE PA6GOTOCIOCOOHOCTH AXTHBIX caMocBa/IoB TOR0O-40D nyTem BbiGOpa
palnMoOHA/IbHbIX METOA0B
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M.9. XKymanog, K./I. BaikymaHnos, H.C. Kam3anos, E.B. Kanues, P.A. Koz6arapos

AHHOTanMA. B noj3eMHbIX pyHUKaxX Koprnopanuu «Kazaxmbic» B mociejHUe ro/jbl BCE yalie
HabJII01AI0TCS 3HAaYMTeJbHble IPOCTOU. Ha 3TUX py/JHUKAX UCNOJb3yeTCs 60/bLI0Ee KOJTUYECTBO
BbICOKONIPOM3BOJUTEJNbHOI0 CaMOXOJHOI0 000pPYAOBaHUA C Pa3JMYHbIMH NMHEBMOKOJIECHBIMU
npuBoJamu. [I[pakTrKa oKa3blBaeT, YTO IPMMeEHEHHEe YyCTapeBLINX METO/L0B U CPeZICTB PEMOHTA
NO/J3eMHBIX CaMOXOJHbIX YCTAaHOBOK He B TIIOJIHOM Mepe COOTBETCTBYeT COBPEMEHHbIM
IPOU3BO/JCTBEHHBIM TPeOOBAaHUAM U ABJsAETCd He3PpPeKTUBHbIM. OHOM U3 OCHOBHBIX IPUYKH
CHMXKeHUs 3QQPEeKTUBHOCTH CaMOXOJHOr0 O0060pYAOBaHUs  ABJAETCAd  HeJ0CTaTOYHOe
MCII0JIb30BaHUE JUAarHOCTUYEeCKUX MeTOJ0OB U CpPeACTB, MO3BOJIAIOUIMX OCYLIEeCTB/IATh
HelpepbIBHbIM KOHTPOJIb TEXHUYECKOTO COCTOSHUS KaXK/AOW MalIMHbl U €€ OCHOBHBIX Y3JIOB.
OTcyTCTBHE TaKOM CUCTEMbl KOHTpPOJIA NPUBOAUT K BHeE3alHbIM OTKa3aM 000pyJ0BaHMUS,
3aMe/lJ/IeHMI0 TPOM3BOJCTBEHHOTO IIpollecca M yBeJWYEHUI0 3aTpaT Ha peMoHT. /Jluia
npeAoTBpallleHus] 0TKa30B I0oC/Je ONpeeéEHHOTO BpeMeHM paboTbl HEO0OXOAMMO Ha OCHOBeE
JIMarHOCTUYECKUX JIaHHbIX ONpeJesisiTh IPOTHO3UPYEMbIN U OCTAaTOYHBIM CPOK CIAYKObI KaXK 01
YCTAaHOBKU. B JaHHOM cTaTbe paccMaTpUBAKOTCA OCHOBHblE pe3yJbTaThl NPOBeJEHHBIX
MCC/eJOBAaHUH, HaNpaBJIeHHbIX Ha NPOTHO3MpPOBAaHHE OCTAaTOYHOTO CPOKA CJIYyXObl JeTasel
MallMH, NpUMeHsieMbIX Ha pPyJAHUKax Koprnopauuu «Kazaxmbic», a Takke aHaJIU3UPYHOTCA
BO3MO>XHOCTH MCII0JIb30BaHUS MOJTYYEHHBIX JJAHHBIX B IPOU3BO/ICTBEHHON NPaKTUKe.

Kiwo4yeBble c/0Ba: JUarHoCTHKa, aBTOCAMOCBaJ, KOJIECHBIA peAYyKTOp, CIEKTPaJbHbIN
aHaJIu3, arperaTHbIA MeTO/, PEMOHTA, pecypc 060pyA0BaHUA

M.A. Zhumanov! K.D. Baizhumanov? N.S. Kamzanov3*, Ye.B. Kaliyev4,
R.A. Kozbagarov>

12Al Farabi Kazakh National University, Almaty, Republic of Kazakhstan
3Kazakh National Research Technical University, Republic of Kazakhstan

45Mukhametzhan Tynyshbayev ALT University, Almaty, Republic of Kazakhstan

Improving the performance of TOR0-40D mining dump trucks by selecting rational
methods

Abstract. In recent years, significant downtime has been increasingly observed in the
underground mines of the Kazakhmys Corporation. A large number of high-performance self-
propelled machines with various pneumatic wheel drives are used in these mines. Practice shows
that the use of outdated methods and tools for repairing underground self-propelled equipment
does not fully meet modern production requirements and is therefore inefficient. One of the main
reasons for the reduced efficiency of self-propelled equipment is the insufficient use of diagnostic
methods and tools that enable continuous monitoring of the technical condition of each machine
and its main components. To prevent failures, after a certain period of operation, it is necessary to
determine the predicted and remaining service life of each unit based on diagnostic data. This
article presents the main results of studies aimed at predicting the remaining service life of
machine components used in the mines of Kazakhmys Corporation, and analyzes the possibilities
of applying the obtained data in industrial practice.

Keywords: diagnostics, dump truck, wheel gearbox, spectral analysis, aggregate repair
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AHHOTanMsa. B cTraTbe paccMaTpuUBalOTCS BONPOCHI pa3pabOTKU METOAUKHU
aHa/M3a BUOPALMOHHBIX CUTHAJOB W  (QOPMHUPOBAHUSA  KOHIUEMIUU
ApXHUTEKTYpbl MHTEJJIEKTYyaJIbHOU CHUCTEeMbl BHUOpPALMOHHOW [AUArHOCTUKHU
TPAHCIOPTHBIX CPEeJCTB. AKTYaJlbHOCTb HCCJAeJ0BaHUS 0OYCJOBJIeHA
HeOo6X0JUMOCTbIO MOBBILIEHUS HAJEXKHOCTU U 6e30MacHOCTU IKCIIyaTaluu
TPAHCIOPTHBIX CHUCTEM B YCJAOBUAX UUGPOBU3AIMM W  BHEJpEHUs
KubepPr3nUeCcKUX TEXHOJIOTHH. B KauecTBe OCHOBHOTO MeToJZila 06pabOTKHU
BbIOpAH CIEeKTpa/ibHbIM aHa/IM3 Ha 6a3e ObICTporo npeobpasoBaHus Pypre,
KOTOPbIN MO3BOJISIET BbISBJAATH JOMUHUPYIOIIME YAaCTOTHbIE KOMIIOHEHThI U
dbopmMupoBaTh JIMarHOCTUYEeCKHe pPHU3HAKU. [IpencraBieHa
3KCIlepUMeHTaibHasl peasn3alusi perucTpaluy BUOGPAIMOHHBIX YCKOPEHUH C
HCI0JIb30BAHWEM MHOTOKAHAJ/IbHBIX aKCeJepOMeTPUUYECKUX [JAaTYUKOB U
nudpoBas 06paboTKa JAHHBIX C PACYETOM HWHTErPaJIbHBIX U CIEKTPATbHBIX
napaMeTpoB. [IpensioxeHHast apXUTeKTypa npeaycMaTpuBaeT
MaclITabUPyeEMOCTb U MOAYJBHOCTb [IJIsl alallTallUd K PA3JIMYHbIM THUIIAM
TPAHCIOPTHBIX CPpe/CTB. Peasin30BaHHbIN MOAX0/ MOXET CTAaTh OCHOBOM il
Pa3BUTHS COBpPEMEHHbIX CHUCTEM MHTEJJIEKTyaJbHOU JUAarHOCTUKHA B
TPAHCNOPTHOM OTPAC/IU, CHOCOOHBIX 3P PEKTUBHO MPeOTBPALATh NOJIOMKH U
MOBBIIIATh 3KCIJTYAaTAallMOHHYI0 TOTOBHOCTb TPAHCIOPTHBIX CPE/CTB.
KirouyeBble c10Ba: BUOpAIlMOHHAs IMAarHOCTHUKA, ObICTpoe Mpeobpa3oBaHUe
®dypbe, MOHUTOPUHT TEXHUYECKOTO COCTOSIHUS, KHOeppU3nuYecKre CUCTEMBI,
npeAMKTUBHAS JUAarHOCTHKA.

[TonyuyeHa 12.02.2026. [lopaboTtana 12.03.2026. Ogo6pena 12.03.2026. JloctynHo onjaiid 30.03.2026

* aBTOP 110 KOPPECIOH/IEHIUU



https://doi.org/10.32523/2616-7263-2026-154-1-149-165
mailto:1kuatova.moldyr@gmail.com
mailto:oraz.9801@gmail.com
mailto:d.akpanbetov@metu.kz
https://orcid.org/0000-0002-7614-6124
https://orcid.org/0009-0008-0016-3471
https://orcid.org/0000-0003-0061-4224
https://orcid.org/0009-0002-0881-8707

M.2K. KyaTtoBa, O. Kymapxas, /I.b. Aknan6etoB, A.JK. AGekoBa

BBegeHue

[ludpoBusauuss u BHeApeHUe KUOepPU3UYECKHUX CHUCTEM B aBTOMOOHUJIECTPOEHUU
GOpMUPYIOT YCTONYMBYIO NOTPEOHOCTb B Pa3BUTHUU UHTEJIJIEKTYalbHbIX CPEICTB MOHUTOPUHTA
TEXHUYECKOT0 COCTOSIHUSA 000PYJ0BaHUSA U TPAHCIOPTHBIX CPEACTB. Y C/I0KHEHUE KOHCTPYKLUN
IPUBOJHBIX CHUCTEM, POCT JO0JM 3JIEKTPUUYECKHUX W aBTOMATU3WPOBAHHBIX TPAHCHOPTHBIX
KOMIIJIEKCOB, a TaKXe MOBbILIeHUe TPeOOBaHUU K HaAEXKHOCTU U 6e30MacCHOCTH 3KCIIyaTaluU
00yC/JIOBJMBAIOT HEOOXOJUMOCTb MPUMEHEHUS] JUAarHOCTUYECKUX METO/I0B, 06ecrneyrBarlinX
paHHee BbIsIBJIeHHE OTKJIOHEHUH B paboTe MexaHUYEeCKUX Y3JI0B.

0630p JiuTepaTyphl

OpaHuM K3 Haubosiee UHGOPMATUBHBIX U IIUPOKO NPUMEHSIEMbIX METO/J 0B MOHHUTOPHHIA
TEXHUYECKOTO COCTOSIHUS TPAHCHOPTHBIX CUCTEM fBJSAeTCA BUOpaLMOHHAsA JAUArHOCTHUKA.
TeopeTuyeckue OCHOBbI BHUOpPALMOHHOI'O aHa/M3a M €ro NpuMeHeHUWe B MaUIMHOCTPOEHUH
oJIpOGHO paccMOTpPeHbI B QyHAAaMeHTalbHbIX paboTax [1, 2]. AHa/IM3 BUOPALIMOHHBIX CUTHAJIOB
MI03BOJISIET OLlEHUBATb COCTOSIHME NPUBOJIOB, PEAYKTOPOB, 3JIEMEHTOB XO/J0BOM YaCTHU U Y3JI0B
KpelJieHus1 TIpy3a, [POTrHO3UPOBATh pPa3BUTHE HEUCHPABHOCTEH W  peasM30BbIBATh
0oOC/Iy’>KMBaHHE 10 COCTOSHUIO, 4YTO OCOGEHHO B&XHO /Js TPAHCHOPTHBIX CPEACTB,
GYHKIMOHUPYIOLIMX B YCI0BUAX IepeEMEHHbIX Harpy30K U ckopocTeii [1, 2].

JPPpeKTUBHOCTbL BUOPAIMOHHOM JUArHOCTUKKM B 3HAUYUTEJbHON CTelNeHU OIpejessieTcs
KOPPEeKTHBIM BbIOOPOM METO/I0B 06pab0oTKU U3MepeHHbIX CUTHaoB. K ki1accuyeckuM nojxoam
OTHOCSITCS BpPEMEHHO-4YaCTOTHble METO/bl aHa/M3a, BKJOYasg BeHBJIET-NMpeo6pa3oBaHUE U
SMIUPUYECKYI0 MOJAJIbHYI0 JeKOMIO3ULUI0 [3], a TakKe MeTOJbl CHEKTPaJbHOW KypTO3bI,
M03BOJIAOLME BbIIBJAATH HECTALMOHAPHbIE NPOLIECCh] U JIOKaJbHbIe JiepeKThbl B MeXaHUYeCKUX
y3nax [4, 5]. lis aHanu3a BUOpau Uil BpalllaloLUMxcsl 3JIeMEHTOB LIMPOKO MPUMEHSIIOTCS METO/Ibl
opJep-TPEKKMHTa U OTU0AI0IIEero aHaarsa [6], a Takke KelcTpaibHble METO/AbI, UCI0JIb3yeMble
JUIl  IUAarHOoCTUKUA JedeKToB 3yO4yaThlX Iepejady W MNOAIMNHUKOB [7]. I[lpuMeHeHue
KOPPEeJISIIIMOHHOTO U CIIEKTPAJbHOTO aHa/M3a CIOCOOGCTBYET pasfieJIeHUI0 TEXHOJIOTHYECKUX U
9KCIJIyaTallMOHHbIX UCTOYHUKOB BUOpAlMi M MOBBILIEHUIO JOCTOBEPHOCTU JMarHOCTUYECKUX
BbIBO/IOB [8].

B mnocienHue rojbl 3HAYUTEJbHOE Pa3BUTHE IMOJYYHUJIU MeTOAbl aBTOMATHU3UPOBAHHOU
006pabOTKM BUOPALIMOHHBIX IaHHBIX HA OCHOBE MAllMHHOTO 00y4YeHHUs U TJ1yOOKUX HEHMPOHHBIX
ceTeill. B 0630pHBIX HCC/Ie0OBAHUSAX IOKA3aHO, YTO CBEPTOUYHbIE U PEKYPPEHTHbIE HEHPOHHbBIE
CeTH cnocoOHbl 3P PEeKTUBHO KJIACCUPUIIMPOBATh TEXHUYECKOE COCTOSIHHE MAlllMH U MEXaHU3MOB
110 BUOPALIMOHHBIM CUTHa/IaM, CHUKasi 3aBUCUMOCTb JJUarHOCTUKH OT 3KCIIEPTHBIX HAaCTpoek [8-
9]. i1 AMAarHOCTUKU TPAHCIOPTHBIX U MPUBOIHBIX CUCTEM MPEJI0KEHDI CIIelIMaJIU3UPOBaHHbIE
apXUTEKTYpPHhI IJIyOOKOro o6ydyeHus, alallTUPOBaHHbIe K HECTALLMOHAPHBIM peXMMaM paboThl U
MU3MEeHSIIUMCA YCI0BUAM 3KcmtyaTauu [10, 11]. CoBpeMeHHbIe UHTeEJJIEKTya/IbHble METO/IbI
JIMaTrHOCTUKM pPacCMaTpPUBAIOTCHd KaK OCHOBAa /Jisl MOCTPOEHHUS CUCTEM NPOTHO3UPOBAHUSA
OCTATOYHOTO pecypca U 00CIY>KMBaHUs M0 COCTOsIHUIO [12-14].

Pa3BuTHe WHTeNJIEKTya/bHbIX TPAHCIOPTHBIX CUCTEM UW 3JIEKTPUUECKUX MPUBO/JIOB
00yCJI0OBUJIO POCT MCC/A€/J0BaHUM, HaNpaBJeHHbIX HA BUOPALMOHHYK JAUArHOCTUKY WUMEHHO B
KOHTEeKCTe aBToMobOusecTpoeHusl. [loka3aHO, 4YTO [/ 3JE€KTPUYECKUX U THUOPHUJHBIX
TPAHCIOPTHBIX CPEACTB XapaKTepHbl crenuduyecKhe HCTOUHUKU BUOpALMN, CBSI3aHHbIE C
paboTol 3JIEKTPONPHUBOJOB U TPAHCMHUCCUH, YTO TpebyeT ajamnTallMd MeTO/J0B aHaJu3a U
apXUTEKTyp JAuarHoctudyeckux cucrteM [15-16]. B paboTax nocieiHUX JIET MOAYEPKHUBAETCA
He06X0JUMOCTb UHTErpallui BUOPALLMOHHOM JUarHOCTUKH ¢ olleHKol NVH-xapakTepucTUK A1
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KOMIIJIEKCHOTO aHa/li3a TeXHUYEeCKOro COCTOSIHMA UM 3KCIlyaTallMOHHOro komdopTa
TPAHCIOPTHBIX CPpeACcTB [16,17].

HepnaBHue wuccnefnoBaHus B 006J1aCTM HMHTE/JIEKTYaJIbHOM BUOPALMOHHOW JAUArHOCTUKHU
TPAHCIIOPTHBIX CPeACTB OPUEHTHPOBAHBI Ha Pa3pabOTKy pacnpeseséHHbIX U HepapXU4yecKux
CUCTEeM MOHHUTOPHUHIA, 00'beAUHAIIIMNX CEHCOPHBIN YPOBEHb, BCTPOEHHYIO 00pab0OTKY JaHHBIX U
MHTeJJIEKTya/JbHblil aHaiu3. [IpuMeHeHHe TJyOOKUX HEUPOHHBIX ceTell U TUOPUJHBIX
apxXUTEeKTyp aHajJui3a [ QHHbIX [103BOJIAeT aBTOMATU3UPOBATb BbIIBJIEHHE [JePeKTOB
aBTOMOOUJIBHBIX PEJyKTOpPOB, NPUBOJOB U TPAHCMHUCCHUHN B YCJIOBHUSAX IepEMEHHBIX PEXHUMOB
skcmiyaTanuu  [18-19]. OTnpenbHoe BHUMaHMe YyJessieTcs BONpPocaM  YCTOWYMBOCTH
JIMarHOCTUYECKUX MOJieied K IIyMaM U BHELIHUM BO3MYILEHHUAM, XapaKTepPHBIM [IJIfl peaJIbHbIX
YCJI0BUM IBUXKEHHUS TPAHCIOPTHBIX cpecTB [20].

PaszBuTue wu3MepuTesbHOM 06a3bl TakKke ABJIAETCA BaXHBIM (AKTOPOM IOBBILIEHUSA
3QPEeKTUBHOCTH HHTE/JIEKTYaJIbHBIX CACTEM BUOPALMOHHOW AMarHoCcTUKU. Hcmosb3oBaHue
MHUKpPOMeXaHHUYeCKHUX aKCeJlepOMETPOB U ONTUYECKUX CUCTEM M3MepeHUs1 BUOpaL Ui MT03BOJISIET
peasM30BaTh pacnpese/éHHbIA MOHUTOPUHT JUHAMHU4YECKUX NPOLEeCCOB U NMOBBICUTb TOYHOCTh
perucTpanuyd BUOpalMOHHBIX CUrHaioB [18]. MHTerpanus ceHCOpHbIX cUCTEM C LUPPOBBIMHU
maTopMaMu MOHUTOPHUHIA pacCMaTPUBAETCsl KaK OCHOBA /151 MOCTPOEHUSI KUbepPU3UYECKUX
JIMarHOCTUYECKUX CUCTEM TPAHCIOPTHBIX CPeJCTB.

AHanu3 CcoBpeMeHHbIX HayyHbIX paboT MOKa3blBaeT aKTyaJbHOCTb pPa3paboOTKHU
dopMa/sM30BaHHOW METOAWMKM aHa/uM3a W  00paboTKM  BHUOpPAIMOHHBIX  CHUTHAJIOB,
OPUEHTUPOBAHHOM Ha YCJOBUA 3KCIJIyaTaUM TPAHCIOPTHBIX CPeACTB U MOOHUJIBHBIX
TPaHCIIOPTHBIX KOMILJIEKCOB. B faHHOW paboTe OCHOBHOE BHHMaHMe y/iesseTcs pa3paboTke
MEeTOAMKH aHa/M3a BUOPALMOHHBIX CUTHAJIOB C UCIOJb30BaHUEM CIIEKTPAJIbHOTO aHa/Iu3a Ha
OCHOBe ObICTporo mnpeo6pa3oBaHuss Pypbe Kak YHHUBEPCAJbHOTO W BOCIHPOU3BOAMMOTO
MHCTPYMEHTA OLleHKH BHUOPALMOHHOIO COCTOSAHMUSA MexXaHWYecKux y3/0B. [lpexanaraemas
MeTO/IMKa pacCMaTpUBaeTCs KaK CaMOCTOSITe/JbHbI HMH)XeHePHbIM UHCTPYMEHT, KOTOPbIK Ha
NOC/JeAyI0lleM 3Tale HCIOoJib3yeTcsd NpU POPMUPOBAHHUU APXUTEKTYPbl UHTEJJIEKTYaJlbHOMN
CUCTeMbl BUOPALMOHHOW JUarHOCTUKHU TPAHCIOPTHBIX CPE/ICTB.

Hay4Hast HOBM3Ha paboThl 3aKJl04aeTcs B popMasn3aliud MeTOJUKU 06pabOTKU M aHa/IM3a
BUOPALlMOHHBIX CUTHAJOB TPAHCHOPTHBIX CHUCTEM HAa OCHOBE 3KCIEPUMEHTAaJIbHO
3aperMCTPUPOBAHHBIX JAHHBIX U B pa3paboTKe KOHLENLHWH apXUTEKTYypbl UHTEJJIEKTYya/JlbHON
CUCTeMbl BUOpPALMOHHOM JAMAarHOCTHUKH, UHTETPUPYIOLIEN CEeHCOPHBIA YpPOBEHb pPErucTpanyu
BUOPALlMOHHBIX YCKOPEHUM, aHAJIMTUYECKUW ypOBEeHb CIEKTPaJIbHOM 0OpabOTKH CHUTHAJIOB U
MHTeJIJIEKTyaJbHbI ypOBeHb aHa/M3a JaHHbIX. [IpefoxkeHHBIA NOAXOJ JAacT BO3MOXHOCTb
MCI0JIb30BaTh INOJIyYeHHble CIeKTpaJbHble TMPU3HAKU B CHCTEMaX WHTEJJIEKTYaJlbHON
JIUarHOCTUKU M MPeJUKTUBHOIO MOHMTOPHUHIA TEXHUYECKOTO COCTOSAHUS TPaHCIOPTHBIX
CpeACTB.

MeTogos10orus

[Ipensiaraemasi MeToAMKa  aHa/M3a  BUOpPAlMOHHBIX  CUTHAJIOB  OCHOBAaHa  Ha
oc/ie/J0BaTeJIbHOM 06paboTKe U3MepsieMbIX YCKOPEHUH C LleJIbI0 MoJIydeHUs1 MHPOPMATUBHBIX
CIeKTPaJbHbIX MPHU3HAKOB, XapaKTePHU3YyIOIUX TEXHUYECKOE COCTOSIHHE MeXaHWYeCKUX Y3JI0B
TPAHCIOPTHOTO  CpeAcTBA. MeToJMKa  BKJIOYaeT  3Tambl  perucTpanydd  CUTHAJa,
npeABapUTEJbHON  00paboOTKKM  (KaJuOpoOBKa, QUAbTpaLUs], yAaJeHUue  MOCTOSHHOHU
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COCTaBJISIONIEH), CIEKTPaJbHOr0 aHa/lM3a U GOPMHUPOBAHUS AUATHOCTUYECKUX TOKa3aTesiei.
Jl1s1 yMeHblIEeHUs] CIEKTPaJbHbIX yTeuyeK Iepes BbINOJHEHUEM ObICTPOro mnpeobpa3oBaHUs
@ypbe K aHAJIU3UPyeMOMY CUTHaJy MpejJiaraeTcs NPUMEHUTb OKHO XaHHa. McnoJsib3oBaHue
OKOHHOM (QYHKIMUH OOyC/J0BJEHO TEM, YTO NPU aHa/IM3€e KOHEe4YHOro ¢parmMeHTa CUTHaJa
IpeJnoJsaraeTcsl ero nepuojuyeckoe NpoAo/DKeHHe, YTO NPHU HaJIMYMU CKAaYKOB Ha rpaHHULaX
BpPEMEHHOr0 UHTepBaJia NPUBOJAUT K UCKaXKEHUI0 creKTpa. CXeMaTHYHO MOC/Je0BaTENbHOCTD
00pabOTKH NpeAcTaB/eHa Ha (PUCYHOK 1).

CeHcopHasa TropMHpOBaHHWE OueHka

Undpoean 3anmce MpeggapuTensHan

OrHo XaHHa CNEKTPaNbHbEX snbpayroHHoro

PETMCTRELMA
s A Eipfena np1sHaKos COCTOAHMA

Bubpaumii

PucyHok 1 - Byiok-cxeMa MeTOAMKH aHa/Iu3a M 06pab0TKU BUOPALMOHHBIX CUTHAJIOB

Pernctpanuss  BUOpPALMOHHBIX  CUTHaJIOB  OCYLIECTBJAJAaCbh €  MCHOJb30BaHUEM
aKceJepoOMeTPUYECKHUX [JAaTUUMKOB, YCTAaHOBJIEHHbIX B JAUArHOCTUYECKU 3HAYUMbIX TOYKaX
KOHCTPYKLIMU HCCAefyeMoro ysjaa. B KadecTBe H3MepUTe/NbHBIX MOJyJied NPUMEHSJIUCH
nudpoBoi TpéxoceBoit akcesiepoMeTp MPU6050, npeHa3HaYeHHbIH J151 pETUCTPaALlMU HU3KO- U
CpeHeYaCTOTHbIX BUOpaAIM, a TaK)Ke aHaJIoroBbIM akcesepoMeTp ADXL377, obecrnedynBarouiui
dbuKcanyi  BbBICOKOAMIIMTYAHbIX  YCKOpeHUW. CUUMThIBAaHHWE  JAaHHBIX  BBINOJHSJIOCH
MUKPOKOHTpoJiepoM Arduino Nano ¢ mociezyrmouiei 3anyMcbl0 U3MepeHUN Ha KapTy HNaMATH
microSD B ¢popmare CSV. Takass koHuUrypauus obecriedyrBajia aBTOHOMHOCTb H3MEpPEHUU U
BO3MOXHOCTb  MoOcJeAylolell  odpallH-06pabOTKM  JAAaHHbIX B  CIELUAJM3UPOBAHHOU
nporpaMMHOd  cpese. KOHTpo/sb KOPPEKTHOCTH pabOTbl H3MEPUTEJBbHOrO  MOAYJS
ocyuiectBasyica yepe3 uHTepdeiic Serial Monitor Arduino IDE. Ha pucyHke 2 mnpeacraBjieH
3KCIIepUMEHTa/NbHbIA HW3MEPUTEJbHbI MOAYJIb [/l pPerucTpanuud BUOpaUUNd ABUTATEJS
(pucyHoK 2).

PucyHok 2 - JkcnepuMeHTa/IbHbIN U3MepUTENbHbIA MOJYJIb /11 pETUCTpal iy BUOpaLuii
JIBUTATEJIS

AkcenepoMeTpUuecKrMe JAAaTYUMKU KPENWIUCh K KOPIYCYy HCCAeAyeMOro JBUraTess C
obGecrieyeHHEeM KECTKONW MeXxaHU4YeCKOW CBSI3U, YTO MO3BOJISJIO MUHUMHU3UPOBAThL Napa3UuTHBIE
KoJiebaHUSI W TOBBICUTb JOCTOBEPHOCTb pPErucTpalud BUOpPALMOHHBIX yckopeHuH. [lepen
HayaJioM M3MepPeHHUM BBIMOJIHSAJACh aBTOMAaTUYeCKasd KaJuOpOBKA JAaTYUKOB B HEMOJBUKHOM
COCTOSIHUH, TMO3BOJIAKOUIASA OMNpEJeJIUTh HyJIEBble CMEIEeHHWSI N0 U3MepUTEJbHbIM OCAM U
KOMIIEHCUPOBATh IMOCTOSIHHYIO COCTAaBJISIIOIIYI0 CUTHasia. B paMkKax 3KCepUMeHTaJbHOTO

152 Ne1(154)/ 2026 J1L.H. 'ymunes ameiHdarst Eypasus yaimmoix yHusepcumeminiy XABAPILIBICHI.
TexHUKAbIK FblAbIMOIAP HaHEe MEeXHOA02USAAAD CePUSChI
ISSN: 2616-7263. eISSN: 2663-1261



ApXUTEKTYpa UHTEJJIEKTYaJIbHOM CUCTEMbI BUOPALMOHHON AUAarHOCTUKU TPAHCIIOPTHBIX CPEJCTB U
MeTO/IMKa aHaJIM3a BUGPALIMOHHBIX CUTHAJIOB

ucc/aeJ0BaHUSA Oblia BbINOJHEHA PerucTpanus BUOPALMOHHBIX YCKOPEHUH C MCI0JIb30BaHUEM
MHepLHaJbHbIX JaTYUKOB, NOAK/IIOYEHHBIX K CUCTeMe cOopa JaHHBIX Yyepes N0Cc/1e0BaTebHbIN
uHTepdeiic. Mi3aMepeHHble 3HaueHUS YCKOpeHUW coxpaHanucb B CSV-dailln ¢ BpeMeHHOU
NPUBA3KOM KaxAoro otcdyérta. Pals1 cojepkal CHHXPOHHBble JilaHHble II0 TPEM O0CAM
akcesiepoMeTpoB. /[l mocyeAyollero aHajau3a Obl BbIOpaH CHUTHAJ yCKOPeHHUA IO OCU Z
akcesepomerpa MPU6050 kak HauboJiee YyBCTBUTEJIbHBIM K HalpaBJeHHIO BUOPALMOHHOTO
Bo3JencTBUA. Tabsmua 1 geMoHCTpUpyeT GparMeHT 3aperuCTPUPOBAHHOTO MacCUMBa JJAaHHBIX,
coJZlep>Kalllero BpeMeHHble OTMETKU U 3HAaYeHHs YCKOPEeHHUH, MoJIy4YeHHble C UCN0JIb30BaHUEM
MHepuvaabHbIX ceHcOpoB MPU. [loniyyeHHbIe BpeMeHHbIe pAa/ibl UCII0J1b30BAJIMCh B JaJIbHEHIIEM
JJIs1 NIpOBeJileHUs] CIIEeKTPaJIbHOTO aHajJM3a MeTOZOM ObIcTporo mnpeobpasoBaHusa Pypbe u
onpe/iesieHUsl YaCTOTHbIX XapaKTePUCTUK BUOPALMOHHBIX [IPOLIECCOB UCCJIeYEMOT0 OObEKTA.

Tabsuna 1 — ®parMeHT 3aperucCTpUPOBAHHBIX BUOPAIIMOHHbIX AaHHbIX (VIB.csv)

Bpewms, Mc MPU x MPU_y MPU z
4376 -59.34 53.56 -0.44
4401 64.66 89.56 11.56
44725 36.66 29.56 -140.44
4451 -23.34 33.56 -100.44
4475 -11.34 -46.44 -20.44
4500 28.66 25.56 39.56
4525 -39.34 -98.44 -232.44
4550 -31.34 -42.44 11.56
4575 -91.34 17.56 -0.44
4599 -7.34 133.56 7.56
4624 -23.34 -34.44 -92.44
4658 -35.34 -30.44 55.56
4682 100.66 37.56 51.56
4707 76.66 53.56 107.56
4731 12.66 -46.44 151.56
4757 -7.34 -38.44 27.56
4782 -3.34 -30.44 -8.44
4806 68.66 -10.44 27.56
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4831 44.66 -74.44 99.56
4855 108.66 -2.44 -20.44
4881 -3.34 -82.44 107.56
4905 36.66 21.56 -16.44
4930 -75.34 -82.44 91.56
4959 -11.34 37.56 -40.44
4983 -23.34 1.56 159.56
5008 48.66 77.56 103.56
5032 -19.34 -6.44 71.56
5057 -35.34 41.56 27.56
5083 -43.34 25.56 -44.44
5107 -55.34 13.56 -176.44
5132 -7.34 -38.44 95.56
5156 8.66 9.56 -136.44
5181 -3.34 -50.44 -68.44
5207 -39.34 65.56 51.56
5231 44.66 5.56 51.56
5256 8.66 53.56 -24.44
5283 -43.34 37.56 -108.44

Bo BpeMeHHOMU peann3anuu (pUCyHOK 3) OTYETJIMBO POCJIEKUBAETCS EPEX0/], OT COCTOSIHUSA
NOKOSI K paboyeMy pexumy JBuratess. B  HayaJbHbI MOMEHT HabJoJaeTcsd
HU3KOAMILIUTYJHBbIA 1IyMOBOM curHaj. [locie Bk/loueHUs ABuUraTtesss GUKCUPYeTCs pe3koe
yBeJIMYEeHHWEe aMIUIUTY/bl KoJieGaHUM, TOsIBJeHHWe KBa3UIEePUOJUYECKUX KoJebaHUU U
MMIyJIbCHBIX KOMIOHEHTOB. [lepeJ; BBINOJIHEHUEM CIEKTPAJbHOTO aHajJu3a MNPOBOJU/IACH
npeJiBapuTeibHast 06paboTKa CUTHaJIa.

Peructpauus BUOGPAIMOHHBIX CUTHAJIOB OCYILIECTBJsJIACh NMPU PUKCUPOBAHHOM 4YacTOTe
auckpetusanuu 200 I'ty, 4To B COOTBETCTBUM € TeopeMoi HallkBucTa o6ecrieuuBaeT KOPPEeKTHOE
npe/iCTaBJeHHe CIeKTPa BUOPAIMOHHBIX CUTHAJIOB B AMana3zoHe 4yactoT A0 100 I'1. Yka3aHHbIN
JIUana3oH OXBaTbIBaeT OCHOBHble HHU3KO- W CpeJHEYacTOTHble KOMIIOHEHTbl BUOpaLUi,
XapaKTepHble AJi JUHAMUYECKUX MPOLLECCOB B TPAHCIOPTHBIX CUCTEMAX, BKJIOYasd KoJiebaHUs
IPUBOAHBIX MEXaHU3MOB, 3JIEMEHTOB TPAHCMHUCCUH U KOHCTPYKIMOHHBIX y3J10B. TaKUM 06pa3om,
BbIOpAHHAs YacTOTa JUCKPETHU3ALUHU SBJSETCS AOCTAaTOYHOM JJis MPOBeJIEHUSI CIEKTPAJIbHOTO
aHaJiu3a BUOpPALMOHHBIX CUTHAJOB U GOPMUPOBAHUS AUATHOCTUYECKUX NPU3HAKOB B paMKax
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paccMaTpUBaeMoON MeTOAMKH. Kak ye ylOMHWHa/lIOCh, U3MepeHHble 3HAaYeHUA YCKOPEHUH 110
TPEM OPTOTOHA/JIbHBIM OCAIM COXPAaHAJUCH AJI NOC/AeAyIollero aHanausa. B janpHedeM ans
CIEeKTPaJIbHOM 00pabOTKMU MCIO0JIb30BaJach OCb, HaWboJiee YyBCTBUTEJIbHAsA K HallpaBJIEHUIO
OCHOBHOT'O BUOPALJMOHHOI'0 BO3/IeMCTBUA.

a5 =104 BuGpauus ABuraTens 80 BpeMeHHOW o6nacTu

YekopeHue
o
5]

|

I

|

05 ]

1 I I I I
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Bpewms, c

PucyHok 3 - Bubpanus gBuraTeJsisi BO BpeMEHHOM 06J1acTH

Ananu3 npoBoausca B AuanaszoHe 1-100 I, 4To cooTBeTCTByeT paboyeMy [Auamna3oHy
BUOpaUUK HccaeayeMoro JABuUraTtess. Ha aMImiuTygHOM crnekTpe (pUCYHOK 4) OTYETJIMBO
BblJieJIIETC JAOMUHUpYyloLasd 4YacTtoTa nopsjgka 86 I'n. [laHHasg 4YacToTa COOTBETCTBYET
3KBUBAJIEHTHON CKOPOCTHU BpallleHUs1 ABUraTesiss okosio 5200 06/MUH, YTO corJiacyeTcsl C ero
pa6oyuM pexxuMoM. Hasimyre BbIpa>keHHbIX FAPMOHUYECKUX COCTABJISAIIIUX CBUAETENBCTBYET O
pery/sipHOM Npypo/ie BUGpPaLMOHHOTO Ipolecca.
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PucyHok 4 - FFT-cniekTp BUGpaLuu ABUraTes
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CneKkTpasibHbIM aHAJIM3 MO3BOJISIET ONpPEEJUTh OCHOBHYIO YacTOTY BUOpALMU, aMIIUTYAY
JIOMUHUDYIOLed FapMOHUKH, XapaKTep pacnpe/iesleHusl CIeKTPaJbHOM S3HEPTHUU 110 YaCTOTHOMY
JiMalla3oHy, a TakXke CpeJlHEKBaJpaTHUYHOe 3HayeHUe BUOpanuu (RMS), paccMaTpuBaeMoe Kak
MHTerpaJbHbIA KOJIMYECTBEHHbIN [TI0Ka3aTe/b yPOBHSA JUHAMUYECKON HAarpy3Ku MeXaHU4eCKoro
y3Ja. B mpolecce cneKTpasbHOrO aHajJv3a BUOPALMOHHBIX CUTHaJOB QopMupyeTcss Habop
JIMarHOCTUYECKUX MPU3HAKOB, MCII0JIb3yeMBbIX [IJIl KOJMYECTBEHHOW OLleHKH BHUOPALMOHHOTO
COCTOSIHUA HccaefyeMoro o6bekta. OCHOBHbIE JUAarHOCTUYECKUe NPU3HAKH, UCIIO0JIb3yeMble B
paboTe, NpeicTaBJeHbl B Ta0JIULE 2.

Ta6sinna 2 — /lnarHocTuyeckre NPU3HAKU BUOPAIIMOHHOI'O CUTHAJIA

JunarHoctuyeckui npusHak | 06o3Havye | Cmoco6 onpeaeieHU HasnauyeHnue
HUe
OcHoBHas 4yacToTa BUOpaLuu fo 4acToTa MaKCUMyMa omnpezesieHUe
aMIJIATYIHOT O pexxuMa paboThl
crnektpa FFT MexXaHUYeCKOoro y3Ja
AMIUINTYZa JOMUHUPYIOILEH A aMIIMTYy/A OLleHKa
rapMOHHUKH COOTBETCTBYIOIETO VHTEHCUBHOCTHU
CIEeKTPa/IbHOTO NHKa BUOpaLMU
CpepgHekBaJpaTUYHOE RMS BbIYMCJIEHUE 110 WHTerpajbHas
3HaYeHue BpPEeMEHHOU OLleHKa YPOBHS
peajiv3alMy CUTHajIa JIMHaMU4eCKOH
Harpy3Ku
CnekTpa/ibHasi SHEpPrus E VHTEerpupoBaHue aHaJ/Iu3
CIEeKTpaJIbHOU pacnpegeieHUs
IJIOTHOCTH BUOpPALMOHHOM
3HepTrum

[TonydeHHbIe pe3y/bTaThl IPeABAPUTEIbHO MOATBEPKAAIT KOPPEKTHOCTD peaM30BaHHOM
3KCIEepUMEHTA/IbHON YCTAaHOBKU W BbIOPAHHOW MeTOAUKU IUPPOBOM 06PabOTKU CUrHAJIOB. B
paMKax MpejJio’KeHHOM MeTOAWKMU aHa/M3 BUOPALMOHHBIX CHUTHAJIOB OCYLIECTBJSETCA B
HECKOJIbKO M0CJ/IeJ0BATEbHBIX 3TAMNOB, BKJIKYAKLUX PETUCTPAIMI0 BUOPALIMOHHBIX YCKOPEHUH
C HCIOJIb30BAaHHWEM aKCeJlepOMEeTPUYEeCKUX JaTYMKOB, GOpMHUpPOBaHHE BpPEMEHHBIX pPSJIOB
M3MepeHUN U NpeJBapUTEIbHYI0 00paboTKy cUMrHajioB. Ha aTame aHa/iUTU4YeCKOW 06pabOTKHU
BbINIOJIHSIETCSI CHEKTPaJibHbIM aHajJu3 METOJOM ObIcTporo mnpeobpasoBaHusi dypbe,
MO3BOJISIIOLUN TePeUTH OT BPEMEHHOTO Mpe/ICTABJEHUsI CUTHAJIA K ero YaCTOTHOW CTPYKTYype.
Ha ocHoBe mnoJsiyueHHOro crHekTpa ¢opMUpyeTcs HAOG0p [AUATHOCTUYECKUX MPHU3HAKOB,
BKJIOYAIOUIMN JIOMUHUPYIOIIYI0 YacTOTy BHUOpAIMM, aMIUIUTYJbl CIEeKTPaJbHBIX TAapMOHUK,
pacnpejiejieHle CHOEKTPaJibHOM 3HEPrud M CpeJlHEKBaJpaTHUYHOE 3HAueHHe BHUOpaIUU.
ChopMupoBaHHbIE CIEKTPaJIbHble MPHU3HAKH MOCIYKAT OCHOBOM /IS MOC/IeyI0Iel UHTerpauu
B HMHTeJ/UIEKTyaJlbHble QJTOPUTMbl JUAarHOCTUKH U aABTOMATHYECKOW KJacCUPUKAIUU
TEXHUYECKOT'0 COCTOSIHUSI TPAHCIIOPTHBIX CUCTEM.
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Pe3yabTaThl M 06CYKAeHHE

Ha ocHoBe pa3paGoTaHHOM MeTOAUKHM CHEKTPaJbHOI'O aHa/lu3a BUOPALMOHHBIX CHTHAJIOB
npejjaraeTcl KOHLENLUS apXUTEKTypbl MHTEJJIEKTyaJbHOW CHUCTEMbl BUOpAILMOHHOMN
JIMaTHOCTUKU TPAHCIOPTHBIX CpeJCTB, OPUEHTUPOBAaHHAs Ha KOMILJIEKCHOe 00beJlMHeHue
CEHCOPHOT0 YPOBHSl PerucTpaluy JaHHbIX, aHAJIMTUYECKOT0 YPOBHA LUPPOBOK 06pabOTKU U
MHTEeJIJIEKTYaJIbHOI0 yYPOBHSl MHTepPIpeTalUu pe3yJbTaToOB. B OT/iMYMe OT CylleCTBYHOIIUX
pelleHUH, B KOTOPbIX aKLEeHT JesaeTcsl NperuMylleCTBEHHO JIM60 Ha aJropuTMax o6paboTKu
CUTHAJIOB, TM60 Ha MAallMHHOM 00y4eHUH, Ipe/iJIo’KeHHas apXUTeKTypa GOpMUPYeTCH UCXOAA U3
nocje0BaTeJbHON HHTerpauuu (U3M4eCcKOro HU3MepeHHUs, MaTeMaTHyeCKOW 00paboTKU M
MHTeJIJIEKTYyaJbHOTO aHa/u3a, YTO COOTBETCTBYET COBPEMEHHBIM INOJAX0JaM K IMOCTPOEHHUIO
pacrnpezeIéHHbIX IMarHOCTUYECKUX CUCTEM TPaHCIOPTHBIX cpeAcTB [15, 18].

WHTe/1ekTyalbHasA cucTeMa BUOpPALlMOHHOM AMArHOCTUKM B paMKax HacToslleld paboThl
paccMaTpUBaeTCs KakK MHOIOYpOBHeBas pacnpefiesléHHasi CTPYKTypa, obecnedyuBarolas
HelnpepbIBHbIM NepexoJ, OT perucTpaluyd JUHaMUYeCKHX NapaMeTpoB K (GOpPMHUPOBAHHUIO
JIMarHOCTUYeCcKOoro peuleHus. Ha ceHCOpHOM ypoBHe peasiM3yeTcs MeTOJ; MHOIOKaHaJIbHOMN
perucTpanuy BUOPALMOHHBIX YCKOPEHUH C UCIO0JIb30BAaHUEM aKCeJlepOMETPUYECKUX AATUYUKOB,
pa3MelléHHbIX B JUAarHOCTUYECKU 3HAYUMBbIX TOUYKAaX KOHCTPYKLUHU TpaHcmopTa. Peructpanus
OCYLLeCTBJISIETCS 110 OPTOTOHAJIbHBIM OCSIM, YTO I03BOJIIET YYUTBHIBAaTh NPOCTPAHCTBEHHbIN
XapaKTep KoJiebaTeJbHbIX MPoLeccoB U GpopMHUpoBaTh UHGOPMATUBHBIM MacCUB NEePBUYHBIX
JlaHHBIX, OTpaXallIUX peasbHOe JAUHAMHUYeCKoe COCTOsIHMe o6bekTa. HMcnosb3oBaHue
MHOrOKaHa/IbHOM perucrpanuy obecreyrMBaeT MOBbIIeHWE YYBCTBUTEJIBHOCTH K JIOKAJbHBIM
flepeKTaM U COOTBETCTBYeT COBPEMEHHBIM TpPeOOBaHHUAM K CHUCTeMaM MOHMUTOPUHTrA
aBTOMOOUJ/IbHBIX IPUBOJIOB U TPAHCMHUCCHUH.

CobpaHHble [aHHble NepefalOTCsl Ha YpOBeHb cO60pa M XpaHeHHUs, I'Zie BBINOJHAETCHI UX
BpeMeHHasl CHHXpPOHMU3alUs U CTPYKTYpUpPOBaHHOe coxpaHeHuWe. Takol mojxoj obecrneyrBaeT
aBTOHOMHOCTb 3KCIIEPUMEHTA, BOCIIPOU3BOAUMOCTb 06paboTKH U BO3MOKHOCTb NOC/IeYIOIero
o iaiiH-aHa/M3a, YTO SIBJSETCS BaXHBIM 3JIEMEHTOM pacnpefie/IEHHbIX JHUarHOCTUYEeCKUX
n1aTPopM B TPAHCMOPTHBIX cucTeMax [18]. Hasuuue cTpyKTypUpOBAaHHOTO MacCHBa JAHHbBIX
CO3/1aéT OCHOBY /JIsl IOCTPOEHUSI MaCUITAOUPyEMbIX CUCTEM MOHUTOPUHTA, UHTETPUPYEMBIX C
1MPpoBbIMU IJ1aTGOPMaMHU IKCIIyaTaL M.

AHa/JUTUYECKUH  YpOBeHb apXUTEKTypbl QopMHUpyeTC Ha OCHOBE METOJMKH,
npeJcTaBJeHHOM B mpejblaylled riaBe. Ha gaHHOM 3Tale BbINOJIHAETCSA NpeABapuUTesbHas
nudpoBass o6paboTka BHUOPALMOHHBIX CHUTHAJIOB, BKJ/OYaloLlas YCTpaHEHHEe IOCTOSTHHOMN
COCTaBJISIOILEH, OYMCTKY JaHHBIX OT HEKOPPEKTHBIX 3HAYeHUN U HOPMaJIM3alUi0 BPeMEHHBIX
pAnoB. /[laAg KOJUYECTBEHHOW OLEHKM BUOPALMOHHOM aKTUBHOCTU PaCCUYUTHIBAKOTCS
UHTerpajbHble IOKas3aTeJd, B YaCTHOCTU CpeJlHEKBaJlpaTHUYHOe 3HayeHue BUOpaLUY,
XapakTepusymwllee O0OIIMKA yYpOBeHb JHWHAMUYEeCKOW Harpysku. KioueBbIM — 3Tamnom
AHAJIMTUYECKOT0 YPOBHS SIBJISIETCS CIEKTPaJbHbINA aHAJIN3 METO/[OM GbICTPOro Npeo6pa3oBaHUs
dypbe, MO3BOJISAIOIIUNA MEepedTH OT BPEMEHHOIO MpeJACTaBJeHUs CUTHajJa K YaCTOTHOMY U
BbISIBUTb [JJOMUHUPYIOILME YACTOTHble KOMIIOHEHThI, CBs3aHHble C peXUMaMH paboThl U
KOHCTPYKTUBHBIMM OCOGEHHOCTSIMM TpPaHCHOPTHOro y3Jja. Takod MNoJXoJ COOTBETCTBYET
COBpEeMEHHBIM UCC/Ie0BAaHUSAM B 06J1aCTU UHTE/JIEKTYaJlbHOTO MOHUTOPUHIA aBTOMOOUIbHBIX
TPAHCMHUCCUUA U 3JIEKTPUYECKUX MPUBOJIOB, T/le YaCTOTHble MPU3HAKU pPacCMAaTPUBAIOTCSA Kak
OCHOBA /1J15l IOCTPOEHUS JUAarHOCTUYECKUX MoJiesiel [15]. Pe3yibTaThl aHAJIUTHYECKOTO YPOBHS
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dbopMupYyIOT HabOp MHPOPMATHUBHBIX BPEMEHHBIX U CHEKTPaJbHbIX IPU3HAKOB, OTPAXKAKOIUX
JIMHAaMH4YeCcKoe COCTOSIHHEe MeXaHWYeCKOM CUCTeMbl. ITU NPU3HAKU MOTYT ObITb UCII0JIb30BaHbI
Ha HWHTEJ/JIEKTYaJIbHOM YypOBHE apXWTeKTypbl [Ji pelleHUsA 3ajad KjaaccuPUKaLUU
TEXHUYECKOTO COCTOSIHUS, OLeHKU PEeXXUMOB pabOThbl U OCTPOEHUS NPeJUKTHUBHBIX MOJeJel.
[locsiefHuMe uccie0BaHUSA NOKA3bIBAIOT, YTO IPUMEHEHHE aJIFTOPUTMOB MAlIMHHOTO 00y4YeHUs,
BKJIIOYasi HEWpOHHble CeTHU U TUOpUJHbIE apXUTEKTYpbl aHajJMu3a J[JaHHBIX, CYLEeCTBEHHO
MOBBIIIAeT TOYHOCTb JUAarHOCTUKU aBTOMOGUJIbHBIX Y3JI0B B YCJOBUSX [IePEMEHHBIX PEKUMOB
3KcIlyaTanuuy. [Ipy 3TOM ycCTOMYMBOCTb MoOJejied K LIyMaM M BHELIHUM BO3MYLIEHUSM,
XapaKTepHbIM [iJI1 peajbHOr0 [ BMXK€HUs TPAHCIOPTHBIX CPEACTB, SBJSAETCA KJ/IOYEBbIM
$aKTOpoM NpaKTU4YeCcKOM NPUMEHHMMOCTH cucTeMbl. PopMasn3oBaHHasA CTPYKTypHas 6JIOK-
CcXeMa apXUTEeKTYypbl UHTeJJIEKTyaJbHOM CUCTEMbl BUOPAIlMOHHOM JUAarHOCTUKY NPUBeJileHa Ha
pucyHke 5.

TpaHcnopTHOR cpeacTan

Cencopubill ypoeeHs.
AKkcenepomeTprdeckine gatunaK (MPU, ADXL). PervcTpauma
BHEpALMOHHBX CHIHAN0R.

Cucmema chopa doHHbIX.
SopMHpOBAHME BPEMEHHBI PAAOCE.
drain aubpauMoHHbx curHanos (VIB.csv).

AHanumuveckil ypoaeH.
MNpeasapuTensdan obpaboTia. FFT cnexTpansHsIE aHanMa,
HasnevyeHMe AMArHOCTHYECKMX MPHMIHAKOS,

Humenaexkmpansisl ypoeeHs.
ANrOpHTMB MallkuMHore obyyenua. KnaccudMsaumna cocToAHMA,

CLEMEME MOMLUMODUMNSG.
OxarHocTvsa. NpegueTHadoe obcayMHBaHMe.

PucyHok 5 - ®opManu3oBaHHas apXUTEKTYpa UHTEN/EKTYaJlbHON CUCTEMb] BUOPAIMOHHON
JIMarHOCTUKHU TPAHCIIOPTHBIX CPEJICTB

158  Ne1(154)/ 2026 JL.H. 'ymuses ambiHdarsl Eypasus yaimmolk yHusepcumeminiy XABAPIIBICHI.
TexXHUKA/IbIK FblAbIMOIAp HaHe MeXHOA02Us/1ap CepusiChl
ISSN: 2616-7263. eISSN: 2663-1261
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MeTO/IMKa aHaJIM3a BUGPALIMOHHBIX CUTHAJIOB

WHTerpanua mnpejjiaraeMoyd apXUTEKTypbl ¢ cucTeMaMu oueHkH NVH-xapakTepucTuk u
0MPPOBBIMU IJIATGOPMaMM MOHHUTOPHHIA I03BOJIIET peaJu30BaThb O0OCIAYKHMBaHUE 110
COCTOSIHMI0O U 3JIEMEHThl NpPeJUKTUBHOM JUAarHOCTUKH TPAHCHOPTHBIX KOMILJIEKCOB. Takou
NOAXOJ, COOTBETCTBYeT KOHILENUUHU KUOepPHU3UYeCKUX CUCTeM U HHTeJUIeKTYaJbHbIX
TPAaHCIOPTHBIX IJIaTPOPM, B KOTOPBIX HU3MepeHHe, O00OpabOTKa U IPUHATHE pelleHUuH
00beIMHEHBI B eJUHYI0 [UPPOBYIO cpeay. B oT/iMuMe OT CylecTBYOIUX N0AX0J0B, B KOTOPBIX,
KaK IPaBUJIO, paCCMAaTPUBAIOTCA OT/e/IbHbIe MeTO/ bl 00pab0TKH BUOPALMOHHBIX CUTHAJIOB UJIU
QJITOPUTMbl UHTEJJIEKTYaJlbHOW AUAarHocTuku [8- 14, 18- 20], npeasaraemMasi apXUTeKTypa
00beIMHAET CeHCOPHBbIA ypOBEHb PErucTpaliud BUOPALMOHHBIX YCKOPEHUH, aHAJUTHUYeCKUHN
YPOBEHb CIIEKTPaJIbHON 00pabOTKU CUTHAJIOB U MHTEJIJIEKTYa/IbHBIM YPOBEHb aHa/IM3a JAHHbIX
B paMKax eJJUHOW JUarHOCTUYeCKOU CTPYKTYphl. [Ipesasaraemas apxuTeKTypa OpUeHTHUPOBaHa
Ha MaclITabMpyeMOCTb M afjallTAllMI0 K Pa3/JIMYHbIM TUIIAM TPAaHCIOPTHBIX CPeJCTB, BK/OYas
MOOMJIbHbIEe TPAHCIIOPTHbIE KOMIIJIEKCHI U 3JIeKTpHUYeCKHe NJIaTHOPMBI.

[IpescTaB/ieHHass apxXUTEKTypa HOCUT KOHLENTyaJbHbIM XapaKTep M B HAcCTosillee BpeMs
HaxXOJAMUTCA Ha CTaAuM pa3paboTku. PeanusoBaHa M 3KCIepUMeHTa/bHO alpob6HpoOBaHa
CEHCOpPHas M aHaJUMTHUYecKass 4YacTb CUCTEMbl, BKJ/OYAWIasg PerucTpanuio BUOPALMOHHBIX
CUTHAJIOB U CIEKTpaJIbHY10 06paboTKy MeTosoM FFT. JlanbHeilnasa paboTa 6y/ieT HallpaBJieHa Ha
pa3paboTKy M BepUPUKALMUI0 HHTE/JIEKTyaJbHOI0O YyPOBHA CUCTEMBbI, (GOpMHUpPOBaHUE
00y4JaroLMX BbIOOPOK M OLleHKY TOYHOCTH KJ1acCUuPUKaALUM TEXHUYECKOT'0 COCTOSIHUS B YCJIOBUSAX
peasibHOM 3KcIUIyaTanuu. Ocoboe BHHMaHUe IJIAHUPYETCS YJeJUTb 3KCIepUMeHTa/bHON
IpOBEPKE YCTOMYMBOCTU AJCOPUTMOB K M3MEHSIOLIMMCH pexuMaM paboThl U HWHTerpanuu
CUCTeMBI B 1MUY poBble MIaTPOPMbl MOHUTOPUHIA TPAHCIOPTHBIX CPEJCTB.

[IpepnoxxenHasa apxuTeKTypa ¢GOpMHUpYeT OCHOBY JJi Ilepexoja OT HW30JMPOBAHHOMU
00paboTKM BHUOpPALMOHHBIX CHUTHAJOB K IOCTPOEHUIO HMHTEJJIEKTyaJbHOW CHUCTEMBI
MOHHUTOPHHIA TEXHUYECKOI'0 COCTOSHUSA TPAHCIOPTHBIX CPeJCTB.

3ak/rouyeHue

B cTaTbe paccMoTpeHb! BONPOCHI pa3paboTKU METOAMKH aHa/IM3a BUOPALMOHHBIX CUTHAJIOB
1 GOPMUPOBAHUS KOHLENIUK APXUTEKTYPbl HWHTE/JIEKTYaJIbHOW CHCTEMbI BUOPALMOHHOM
JIMAaTHOCTUKW  TPAHCHOPTHBIX  CPEACTB. AKTYaJIbHOCTb  HCCIA€[JOBAaHUS  06YyC/IOBJIEHA
HeO06XO/AUMOCTbhIO IOBbBIIIEHUsS] HAJEXHOCTU W 06e30MaCHOCTH 3KCIJIyaTalldd COBpPEMEHHbBIX
TPAaHCHOPTHBIX CUCTEM B YCJIOBHUAX IUPPOBU3ANMKM UM BHEAPEHUS KUOepPU3UUECKHX
TEeXHOJIOTHUH.

B pa6oTe 060cHOBaH BbI6OP CIIEKTPaAJIbHOrO aHaJIM3a Ha OCHOBE G6bICTPOro npeo6pa3oBaHus
dypre B KayecTBe 6a30BOro MeToja 0OpabOTKM BUOpAIMOHHBIX CHTHaJOB. [lokazaHo, 4TO
npuMeHeHue FFT no3BoJisieT J0CTOBEPHO BbIJIe/ATh JOMUHUPYIOLME YACTOTHbIe KOMIIOHEHTHI,
OLlEeHWBAaTh  AMIUIUTYAHO-4YaCTOTHbIE  XapaKTEPUCTUKX BUOPALMOHHOTO  Mpolecca M|
dbopmupoBaTh MHPOPMATUBHBIE AUArHOCTUYECKHE MNPHU3HAKH, OTPaKAIOIIME JAUHAMHUYECKOE
COCTOSIHME MeXaHHU4YeCKHX y3Ji0B. CileslyeT OTMETUTb, UTO METOJ OGbICTPOro Mpeob6pa3oBaHUs
dypbe mnpejnoJsiaraeT KBAa3UCTAMOHAPHOCTb aHAJM3UPYEMOr0 CUTHAJA W MOXET HMETh
OrpaHUYeHUs] MPU aHAIU3Ee PE3KO U3MEHSIOIIUXCA PEXUMOB paboOThl MM HeCTalMOHApPHbBIX
BUOPAIIMOHHBIX MMPOLECCOB. B Takux ciy4yasx s 60jiee TOUHOrO0 aHa/IM3a MOTYT MPUMEHSThHCS
BpPEMEHHO-YaCTOTHbIe MeTO/bl 06paGOTKH CUTHAJIOB, BKJIOYas BeHBJIET-aHAJIN3 U METO/bI
oru6armllero aHajJu3a, MO3BOJISIOLME BBIBIATb JIOKaJbHble H3MEHEHHs CIeKTpaJbHbIX
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XapaKTepUCTUK BO BpeMeHU. B pamkax Hacrtosuero uccaenoBaHud FFT ucnosnb3yerca kKak
0a30BbIM HMHCTPYMEHT CIEeKTPaJIbHOTO aHaau3a [ (GOPMUPOBAHUA [JAUATHOCTUYECKUX
IPU3HAKOB, a NpUMeHeHUe 0oJiee CI0XKHBIX METOJI0B aHa/M3a HeCTAallMOHApHBIX CHUTHAJIOB
paccMaTpUBaeTCd KaK HalpaBJeHHe JaJbHENUIIUX UCCIeJOBAHUH.

Peanu3oBaHa 3kcnepuMeHTa/IbHas CxXeMa perucTpanydu BUOpalMi € WCIOJIb30BaHUEM
MHOTrOKaHaJIbHbIX aKCeJlepOMeTPUYECKUX JaTYMKOB U BbINIOJIHEHA LI poBas 06paboTKa JaHHBIX
C Pac4Y€TOM UHTErpaJIbHbIX YU CIEKTPA/IbHbIX IapaMeTpPOB.

Ha ocHoBe paspaboTaHHOM MeTOAMKHM IIpefjloKeHa KOHLEeNLUA MHOIOYpOBHEBOM
ApXUTEKTYpPbl MHTEJJIEKTyaJlbHOM CHUCTeMbl BHOpPALMOHHOM JUAarHOCTHMKH, BKJ/OYAKOILeN
CEeHCOPHBIHY, aHAJIUTUYECKUM U MHTEeJJIeKTyaJbHbIM YPOBHU. ADXUTEKTYpa OPMEHTUPOBaHA Ha
MHTEerpanyi MeTOJO0B CHeKTpaJbHOW 00pabOTKU C aJITOPUTMaMHM MALIMHHOIO OOy4YeHUs U
nMPpoBbIMM IJIaTGOPMaMU MOHUTOPHUHIA, YTO obecreyrMBaeT NepexoJ, OT U30JMPOBAHHOTO
aHa/IM3a CUTHAJIOB K GOPMUPOBAHUIO CUCTEM OOCIY>KMBAHUA 110 COCTOSHUIO U NMpPEeAUKTUBHOMN
JUArHocTUkKU. [lpensioxKeHHbIM NMOJAXOJ COOTBETCTBYET COBPEMEHHBIM TeHJEHLMAM pPa3BUTHUSA
MHTEeJJIEKTYaJbHbIX  TPAaHCHOPTHBIX CUCTEM M  paclpefiejiéHHbIX KUOepPpU3NUeCKUX
JIMarHOCTUYECKHUX KOMILJIEKCOB.

[losnyyeHHble pe3y/ibTaThl NOATBEPXKAAIOT BO3MOXKHOCTb HCIOJIb30BAHUSA CIEKTPaJIbHBIX
NPHU3HAKOB BUOPALMOHHBIX CUTHAJIOB B Ka4eCTBe OCHOBBI [/ IOCTPOEHUs UHTeJIJIEKTYalIbHbIX
JIMarHOCTUYECKUX MoJesied. Pa3paboTaHHasd MeTOJWKa U KOHLENTyaJbHasd apXUTEKTypa
co3JalT (QyHAAMeHT [AJA JaJbHEHIIWX HCCAeJOBAaHUM, HaIlpaBJeHHbIX Ha BepUPUKALHUIO
WHTEJIJIEKTYaJbHOIO YPOBHA CHUCTEMBI, OLlEHKY TOYHOCTU KJACCUPUKALUMU TEXHUYECKOro
COCTOSIHUSA B YCJOBHUAX pea/lbHOU IKCIJIyaTalMM U MHTErpalui0 JUarHoCTUYeCKOro MOAYJ/S B
M$poBble MI1aTPOPMbI TPAHCIOPTHBIX KOMILJIEKCOB.

TakuM o06pa3oM, mpejcTaBJIeHHOe HcCCAeoBaHHe QGOPMUPYeT METOJO0JIOTUYECKYID U
ApXUTEKTYPHYI0 OCHOBY /JJf1 CO3[jlaHUsl UHTeJJIEKTyaJlbHbIX CHUCTEM BHOpAILMOHHOMN
JIUarHOCTUKU TPAHCIOPTHBIX CPeACTB WU MOXeT ObITb MCIOJb30BAaHO MpPU pas3paboTke
pacrnpezieIéEHHbIX CUCTEM MOHHUTOPHMHIA TEXHUYECKOTO COCTOSIHUS B aBTOMOOWJIECTPOEHUHU U
CMeXHBbIX 00/1aCTAX MalllUHOCTPOEHHUS.

BsarosapHoCTb, KOHQJIMKT HHTEPECOB

JlanHoe uccienoBanre GUHAHCHPOBAJIOCH 3a CYET rPaHTa MUHUCTEPCTBA HAYKU U BBICLIETO
obpasoBaHus Pecniy6auku Kazaxcran (Homep rpanTa: BR31715767).

BxJias aBTOpOB.

KyaTtoBa MoJsiaup - KOHLENLUUSA HCCJAe[OBAaHUA M apXUTEKTYpPbl CUCTEMbl, HallMCaHHUE
CTaTb{, UHTEpPIIpeTalus pe3yJbTaTOB, YTBEPXKJAEHHUEe OKOHYATeJbHOTO BapUaHTA CTAaTbHU [JJid
ny6JIMKaL UK, OTBETCTBEHHOCTD 3a 1|eJIOCTHOCTb U JJOCTOBEPHOCTbD JJAHHBIX;

KymapxaHn Opa3s - c60p aHHBIX, [IpOBe/leHre 3KCIIepMMeHTaJIbHbIX pab0T, UHTEepIIpeTanus
pe3yJ/IbTaToB;

Aknan6etroB JlapxaH BepuMKOBMY - cO0Op JaHHBIX, aHa/JIU3 pe3y/IbTATOB, HalUCaHUe
OT/ie/IbHBIX pa3/ieJioB CTaTbH;

AGekoBa AiiaHa - c60p JaHHBIX, UHTEpNpeTaLus pe3yibTaToB.
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KeJtik KypasiaapbIHbIH, AipiIAIK AMAarHOCTUKACBIHbIH, 3UATKEPJIIK )KYHECiHiH,
ApXUTEKTYypachl K3He AipiJ cMrHa/1AapbiH Tajajay 3jicremMeci

Angarna. Makanaza BUOpauUsAIbIK CUTHaAAapAbl TaaJay[blH dJlicTeMeciH a3ipJyey
Macesiesiepi KoHe KeJIiK KypasJapblHblH BUOpALUSAIBbIK JAUAarCHOCTUKACBIHBIH 3USATKEPJIK
YKYMeCiHiH, apXUTeKTypacblH Kypy KapacTbhIpblUIFaH. 3epTTeYAiH 63eKTiliri — KeJliK KyHhesepiH
naiJjajaHyiblH CeHIMAiNri MeH Kayilci3AiriH apTThlpy KaKeTTiIiringe, uudpaHiblpy MeH
Kubepdu3nKaIbIK TEXHOJIOTUSJapAbl eHri3y »xarpadbiHfa. Herisri afic petiHnze ®Pypbe Te3
Typnaenzipyine (FFT) Herizgenren cnekTpsik Tajjay TaHAAAAbl, OJ 6acTbl KUIJIKTIK
KOMITOHEHTTeP/li aHbIKTAayFa >KoHe JUArHOCTUKAJBIK OeJrijiep/li KaJblITaCThIpyFa MYMKIiH/iK
O6epeni. BubpauusaablK yaeyJep/iH Ka3blIybl VIIiH KemapHaJaFbl aKceJepoMeTpJep
nai/jajaHbljia OThIPbIN, 3KCIIEPUMEHT >Ky3€ere acblpbli/bl XXoHE JepeKTep LUPPJIbIK 6HJey/eH
©TKI31/1il, UHTerpaJ/ibl ;K9He CIIEKTPJIK apaMeTpJiep ecenteJsfi. 2KacanraH aficTeMere cylieHe
OTBIPBIN, KON JeHTeW/i 3UATKEPJIIK XKyhe apXUTeKTYpacbIHbIH KOHLENUUACHl YCBIHBIIJbI, OJI
CEHCOpPJIbIK, aHAJIUTUKAJIBIK 9He 3UATKEPJIK JAeHrewsepAi KamMTuzbl. Byn Tacin nudpiblk
MOHUTOPUHT IaTdopMasapbiMeH Oipiry »koHe KyWh OOWbIHLIA KbI3MET KOPCETY/i »Ky3ere
acblpyfa 6aFbITTaJIFaH, OyJ AMarHOCTUKA TUIM/IIJIITIH )K9He TPaHCNIOPT KypaJslAapbIHbIH )KYMbICKA
KabiseTTiniriH apTThipaAbl. YCbIHBLIFAH apXUTEKTypa MaclITabTaJaTblH >XoHe MOAYJbJIK
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60JiblN TabbLIAABI, 9PTYPJi KeJliK TypJiepiHe 6eliMAenyre MyMKiHAiK 6epeni. bys Tacin Kasipri
3aMaHfbl 3UATKEPJIK JUarHOCTHUKA KyWeJiepiH JaMbITyFa Heri3 60Jiybl MYMKiH, 0J1 aKkayJap/bl
aJI/IbIH aJIyFa »)KoHe KeJIiK KypaJlJapbIHbIH *KYMbICKA @l bIH/IbIFbIH apTThIpYFa MYMKIH/iK O6epeji.
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MOHHUTOPHHTI, KUGepPU3UKaJbIK XKyHesep, 6oKaM/bIK JUATHOCTUKA.
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Architecture of an Intelligent Vibration Diagnostics System for Vehicles and
Methodology for Vibration Signal Analysis

Abstract. The article addresses issues related to developing methods for analyzing vibration
signals and forming the architecture of an intelligent vehicle vibration diagnostics system. The
relevance of the research stems from the need to enhance the reliability and safety of
transportation systems amid digitalization and the implementation of cyber-physical technologies.
The primary processing method chosen is spectral analysis based on the fast Fourier transform,
which enables the identification of dominant frequency components and the formation of
diagnostic features. An experimental implementation of vibration acceleration recording was
carried out using multi-channel accelerometer sensors, and digital data processing was performed
to calculate integral and spectral parameters. Based on this methodology, a concept for a multi-
level architecture of an intelligent system was proposed, including sensor, analytical, and
intellectual levels. This approach integrates with digital monitoring platforms and implements
condition-based maintenance, increasing diagnostic efficiency and improving vehicle reliability.
The developed approach can serve as a basis for advancing modern intelligent diagnostic systems
in the transportation industry, capable of effectively preventing failures and increasing vehicle
operational readiness.

Keywords: vibration diagnostics, Fast Fourier Transform (FFT), technical condition
monitoring, cyber-physical systems, predictive diagnostics.
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Angarna. lmtTeH »kaHy Ko3fFaaTKbIITapbiHbIH ([XKK) cenimziniri meH
TUIMJIMIT Kasipri Kesiik TexXHUKachl cajacblHZAa 6acTbl 3epTTey HbICAHbI
60JibIN TaObLIabl. Ka3akcTaH »KaFJalblHAA aBTOK6JIIK MapKi alWTapJibIKTau
TO3FaH, KIUMMATThIK KaF[auaap KypAeJi, ajl OTbIH canaCbIHbIH TYPAKChI3/bIFbI
KO3FaJITKbIIITAP/AbIH, Mep3iMiHeH OypbIH IiCTE€H WIbIFyblHA aJblll KeJejai.
MyHzail dakTopJsiap TeXHUKAJbIK KbI3MET KOpCETy MeH KOH/Jey KyHeciHe
KOCbIMIlIA TajJanTtap Kodaxabl. /JloCTypJii peakTUBTI KeHZey dAicTepi
KO3Fa/ITKbIII  aKayJapblH TeK iCTeH IIbIKKAaHHAH KeHiH J>KOloFa
OaFbITTAJFAHABIKTAH, TEXHUKAJBIK Y3iJicTepAiH y3aKTbIFbIH apTThIPHIII,
WBIFBIHAAPABIH, 6CyiHe bIKNaJ eTeAl. AJl KochnapJbl-ajJilblH aly KbI3MeT
KepCeTy TOJIbIKKAHAbl CEHIMJIIKTI KaMTaMachbl3 eTe ajMaufbl, cebebi oJ
HAaKTbl TEXHUKAJIbIK JKaFJalJbl €eMeC, TeK YaKbITTblK HWHTepBaJap/Abl
b6aclibIbIKKA asiafibl. OcbliFaH OaMJIaHbICThl 3aMaHayd KeJliK TeXHHUKAChl
cajiaCcblH/la MallMHAJIbIK OKbITyFa Heri3fe/areH 60J/bKaM/bl TeXHUKAJbIK,
KbI3MET KOpCeTy 9/iCTepiH eHri3y KaKeTTiJiri TyblHAaWAbl. bys mMakanaza
Kaparanabl KajacblHAA KYPTi3iJireH 3KCIEePUMEHTTIK 3epTTeyJiepre cylieHe
oTbipbin, [2KK keHziey TUIMAiJNITIH apTThIPY YIIiH CEHCOPJIBIK XyheaepaeH
>KMHaJIFAaH MaJIiMeTTepAi Ta/lJalThIH K9He bIKTUMaJl aKayJiap/bl a//iblH aja
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HOTHKeJiepi YCbIHbIJIFAH 9AICTiH, »K0CMap/laH ThIC iCTEH WbIFYJIapAbl a3aHThIIN
KaHa KOWMaW, KO3Fa/JITKbIIITApJAbIH KbI3MET eTy Mep3iMiH y3apThlll, OTbIH
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[1lITeH kaHy KO3Fa/ATKbILUITAPbIH XKOHAEY/iH TUIMAIITIH apTThIPY: MalllMHAJIBIK, OKbITY¥a HeTi3/e/reH
60JKaM/Ibl TEXHUKAJIBIK KbI3MET KOPCETY dici

Kipicne.

ImteH xaHy KosfaiaTkpliuTapblH (DKK) naiiganaHaTelH KeJliKTepJiH »KeHJey >XKoHe
TeXHUKaJIbIK KbI3MET KOpCeTy YpZAiCTepiH kKeTIAipy — KeJliK TeXHUKAChl CaJlaCbIHAAFbl ©3€eKTi
Macesie. KasakcraH »KaFfaWblHAAa 3KCTpeMas[bl KJMMAT, KOJI CalacblHbIH, TOMEHJIrl XoHe
»KaHapMaM/iblH, canacbl KO3FaJATKbIIITAP/blH, TO3ybIH XblIJaMJAaTaTbIHbl 6esriai [1]. Jactypai
peaKkTUBTI HeMece >KOCHapJ/bl-a/JlIbIH aly XKeHJey Toaciijepi KO3FaJITKBIUTBbIH KeHEeTTEeH
OY3bLIYbIH TOJIBIK OOJIZibIpMayFa KayKapcCbl3, HOTHXKECiH/le y3aK TYpbINl Kajly yaKbITbl MEH
YKOFapbl WIbIFbIHAAPFA COKTbIpaAbI [2].

[lTeH aHy KO3Fa/ITKbILITAPhl KOJIIK, HEepPKaCill KoHe 3Hepryusa eH/ipici casaslapblHAa KeH
KOJIIaHbLIabl. KO3Fa/JITKBILITBIH, TEXHUKAJIbIK KYHi MEH >KeH/ley camachl KeJiiK >KYMbIChIHBIH,
CEeHIM/JiJIiTiHe, OTBIH YHeMJIJiriHe KoHe 3KOJIOTHAJIBIK KepCeTKIlITepiHe TiKesJed acep eTexi
[3][4]. Kenaeyaiy TUIMAINITIH apTThIpy AereHiMi3 - KO3FaJTKbILIThl KajllblHa KeJITipy MeH
KbI3MET KOpCeTy YpAICTepiH YaKbIT X9He pecypC TYPFbICBIHAH OHTAWJIAHABIPHIIN, KOCAJIKBbI
OeJilIeKTEeP/IiH, KbI3MET Mep3iMiH y3apTy, OThIH IIbIFbIHBIH X9HE KOCHap/AaH ThIC TYPbIN Kaay
yaKbITbIH a3aiTy. KasakcTaH »kaffaibiHJa Oyl Macese aca MaHbI3/lbl, 6UTKEHI aBTONMapKTep
KWbIH KJIWMAaTThIK >Kafjaljapja (KaTTbl asg3Abl KbICTAp, anTam bICTHIK »Ka3) >XoHE O0JI
»KaObIH/IbLJIAPbIHBIH, HAlIAPJIbIFbIHA 6ANJIaHBICTBI aybIp NalJa/aHy peXXHUMiHZe KYMbIC icTelai
[1]. 3epTTeynep kepceTkeHel, Kazakcranaa aBTokesikTepaid 31,4%-bl eHAipyLli yCbIHFaH
TeXHUKaJIbIK KbI3MeT KecTeCiH cakTaMmaigbl (canbicThipy yuuiH, [loabmaga - 21%) [5].
TexHUKaNbIK KbI3METTIiH, YaKbITbLJIbl OpPbIHAAJMAaybl KO3FaJTKBIIIThHIH Mep3iMiHEH OYpbIH
TO3yblHA, KYTIIeTeH aKayJiapFa >KoHe UIbIFbIHAAP/bIH 6CyiHEe a/bIll KeJeIi.

JlocTypi KeHJey cTpaTerusijiapbl eki Typre 6eJsiiHesi: peakTHUBTI (aKayJbIK LIBIKKAH COH,
KOHJey) KoHe aJiblH aja NpoduIaKTUKaNbIK (6esrisi 6ip yakbIT HeMece ypic caiblH
»KOCIMapJibl TEXHUKaJBIK KbI3MeT). PeakTUBTI Tacis acipece KayinTi, ce6eb6i KeHET icTeH HIbIFyJ1ap
eH/IipiCTiK mpolecc MeH TacbiMaJslJlayFa Y/IKeH 3UsH KeJTipeJi — eHepKacinTe »KocnapJsaHbaraH
TYPBIN KajyJiap KocimopbIHFa caFaTbiHa opTa ecenneH $125 MbIH LIBIFbIH 9KEJIETiIHI eCenTe/NreH
[2]. An npodusakTHUKaNbIK KbI3MeT KepceTy/iH OeKiTiireH KecTesepi HaKTbl MaljanaHy
IapTTapblH eCKEPMeEH, KeH/Jie KAXKETTINIIKTEeH epTe HeMece Kelll XKyprisisiyi MyMKiH [6]. By apThIK
KbI3MeT KepceTyre (KaXKeTcCi3 Ui KeHJey) HeMece »KeTKiJiKCi3 KbI3MeT KepceTyre (KaKeTTi
TeKCepic apa/IbIFbIHbIH, ThIM Y3aKTbhIFbl) COKTBIPBII, IIbIFBIHABI K60elTeli HeMece aKay/apAblH,
aJAbIH a/ly MYMKIHZAIriH a3anTazpbl [7]. COHABIKTaH TEXHUKA/bIK KbI3SMETTi HEFYPJIbIM UKeM/|,
»KaObIKTbIH HaKThl KyHiHe 6eliMJe/reH eTy KaKeTTiri TyblHAay/1a.

CoHFBl XKbUIZApbl OOJ/DKaM/Jbl TEXHUKa/BbIK KbI3MeT KkepceTy (predictive maintenance)
TYKbIPbIMJAMachl KapKblH anyga. by azicte gaTtuyvkTep MeH euisik TexHosorusiaap (IoT)
apKbLIbl KabJbIKTbIH, KYHi Typasbl JepeKTep >KWUHaJbIN, MallUHAJbIK OKbITY aJropuTMJepi
KeMeriMeH TangaHazpbl [8][9]. HoTuxeciHe, »kabAbIKThIH aKayFa YLIbIpay bIKTUMaJbIFbl aJl/IblH
asia O0JKaHbBIN, KOKETTI KbI3MEeT COJI aKay LIbIKIAaW Typblil OpblHAAMaAbl. MyH1al Tacia KeJlik
cajlacblHJla aWTapJibIKTakl TUIMJiJNiK 6GepeTiHiH a/seMJik Toaxipube kepcetin oTbip: Deloitte
TajAaybl OOMBbIHING, 60J/DKaM/bl KbI3MET KOpPCeTy KOJIiK KypaJAapblHJarbl Oy3blLIyJap CaHbIH
70% penin asaiTyfa KabinetrTti [10], an McKinsey capanmibLiapsl kacaHAbl WHTEJJIEKTiHI
KOJIJJaHy TEXHUKaHbIH, KYMbIC icTeMel TypblIn Kaly yaKbITbIH 30-50% KbICKapTybl MYMKiH €KeHiH
atagpl [11]. Volvo Trucks koMnaHusCbl €HTi3reH OHJIalH-MOHUTOPUHT K9HE Ta/1ay XKyHeci :KYK
KeJIIKTepiHZeri akay/ bl AUarHocTuKaaay yakbIThIH 70%-Fa KbICKAapTy¥a XKoHe KOH/ley YaKbITbIH
25%-Fa KbICKapTyFfa KOJI XKeTKi3/li; COHbIH, apKacblHJa KyTIereH TOKTan Kaaysjaap 25% keMmifi
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[12]. Byn nepekTep 60/:xkaM/ibl KbI3MET KOPCETY d/1iCiHiH aJieyeTiH alKbIHAAHN Tycezi.

CoHbIMeH 6ipre, KO3Fa/lTKpIll OeJIlIEKTEPIH KOHJAEY canacblH apTThIPYAbIH A3CTYpJi
TeXHUKAJIbIK 9/licTepi Ae Aamyna. Mbicasibl, KaHa MaTepuaZap MeH *KabblHAap/bl KOJJaHy
apKblJbl MOTOD G6JIlIeKTePiHiH TO3yFa Te3iMAiNIri xoFapblian, KbiI3MeT Mep3iMi y3apazbl. NASA
93ipJsiereH 3aMaHayM b1y TOCKaybl1 KabaTTapblH (Thermal Barrier Coating) Ko3Fa/TKpbILI
OeJiLIeKTepiHe aFy oJIapJblH KbI3y Ke3iHJeri TepMUsJIbIK KepHeYiH a3alThll, KOMIIOHEHTTIH,
KbI3MeT eTy Mep3iMiH 50% feliH y3apTaTbiHbl aHbIKTaAAbl [13]. /lereHMeH, MyHJa#l
MaTepHa//JIblK TeXHOJIOTUSIJIapAbl €eHri3y KbIMOAaTKa TyCyi MYMKiH »K9He 6ap KO3Fa/ITKbIII
NapKTepiHe Xbl1JlaM dcep eTe KOMMauabl.

3epTTey XYMBICbIHbIH, MakcaTbl - KasakcTaH »xafaWblHJa, aTan auTKaHga KaparaH/bl
eHipiHZeri ManjajaHy epeklleJiKTepiH ecKepe OTBIPHIN, IIITEH >XaHy KO3FaJTKbIIITAPbIH
)KOHJey TUIMAIINIH apTTBIPYAbIH KaHa dJicTeMecCiH YCbIHYy. 3epTTey MallWHaJbIK OKbITYFa
Heri3JieJireH JUarHoCcTUKa »9He O0oJ/bKkaMJiay TocCiIiH KOJIZJaHy apKblibl KO3FaJTKbILITBIH,
TeXHUKaJbIK KYHiH y3/iKci3 6aKpliar, akayaap/ibl epTe aHbIKTayFa OaFbITTa/lFaH. By Tacis oThIH
IIBIFbIHBIH TOMEHJETY/li, KOopluaFaH oOpTafFa 3USAHAbl Tra3fap LIbIFAPBUIBIMBIH a3auTy/ibl,
KYTIIEreH >KaucCbl3 TOKTAN KaJjyJapAbl KbICKAPTY/bl XoHE KO3FaJTKBILITBIH >KaJlbl 6MipJik
IUKJIIH y3apTyAbl Ke3Jeiji. 3epTTeyae ajlJbIMeH TaKbIpbIll OOWBIHIIA 9/e6UeTTepre IOy
»Kacasiblll, Ka3ipri 3aMaHfbl WelliMAepAiH apThIKIWbLIbIKTAPbl MEH KeMIIIIKTepl TaJJaHa/bl.

ddebuemmepee wosy. Ko3raaTKpIIITapAbl TEXHUKAJIBIK KbI3MET KOpCEeTYy CTpaTeruvsJapbl
Typasibl 94e0MeTTep/i YU Heri3ri 6aFbITKa 6eJ1yre 601a/bl:

1) pacTypsi peakTUBTI )koHe a/iblH any (MpodUIAKTUKAJBIK) XKOHEY;

2) ’KaHa TEeXHOJIOTHsJIap MeH MaTepuaJapAbl NalAasaHy apKblibl XKeHAeyZiH camnacblH
apTThIpY;

3) caHAbIK TEXHOJIOTHUsJIap MEH MallUHAJIbIK OKbITyFa Heri3/ie/ireH 60/nKkaM/ibl TEXHUKAJBIK,
KbI3MeT.

JlocTypJii TEXHUKA/BIK KbI3MET KOPCETY: peaKTHUBTI TOCiJ1 60MbIHIIA TeEXHUKA Oy3blJIFAHHAH
KeWiH FaHa >eHJeJseZi, OyJ »KocmapJaHOaraH TOKTall KaJjyJjlapfa >XoHe KbIMOaT KypgaeJi
KeHeyJsiepre COKTbIpaabl [14][15]. An npoduaKTUKa/NbIK KbI3MET KOpCeTy KabAbIKThI
eHJIipy1ui 6esrisiereH apb6ip Gesrizii 6ip yakKbIT He KypiC apa/ibIFbIH/IA »KOCNapJibl TEKCEPYAeH
OTKi3yAi ke3aenai. Anaiia KaTaH KecTe »KabAbIKThbIH HAaKTbl KYHWiH eCKepMel, Kel »Kafjanzaa
pecypcTap/ibl TUIMCI3 nankanaHyfa aKeseai [7]. 3epTTeysep KenTereH KacinopbIHAApP dJ1i KYHTe
JleriH )xocnap/JaH ThIC peaKTUBTI )K6H/leyTe CYHeHeTiHiH KepceTe/i (MbicaJibl, KOCIMOPBIHAAP/bIH,
21%-p1 TONBIKTal peaKTUBTI TacinAl KosaHaabl) [2]. KaszakcTanja Aa KeslikTep/iH TeXHUKAJBIK,
KYTiMiHiH YaKbITblJIbl OpbIHAAJMaYbl Ui Ke3jeceAi [5], Oy/l TeEXHUKAHbIH iCTeH HIbIFybl MeH
»KOJIJAaFbl anaTTapAblH 6ip cebenuici. COHAbIKTAaH, aBTOMAPKTEP/IiH, CEHIM/I/ITIH apTThIPY YILIiH
JACTYPJi TaCIIAepAil )KeTINAIPY KaXKeT eKeHi aHbIK.

Kengeyne 1kaHa MaTepuasfap MeH TeXHOJIOTUAJAPAbl KOJJAHy: KO3FaJITKbILI
6eJIlIeKTePiHiH TO3YbIH a3aMTY KoHE Y3aK Mep3iM/Ii/IiriH KaMTaMachI3 eTy 6aFbITbIH/Ia KONITEreH
VMHXeHepJIiK mewiMaep ycbiHbUIFaH. CoslapAblH, 0ipi - »KOFapblJla alThLIFaH KbLIy TOCKAybLI
»kabbiHbl (TBC) cekinai KopFaHbIC »KaObIHAAPbIH KOJIIaHY. ApHalbl KepaMHUKaJIbIK, KaObIHAap
»KaHy KaMepachbl OeJilleKTepiHiH KbI3yblHa TO3iMJiJIriH apTThIPbIN, TEPMUSJBIK LIapLIay /bl
a3alTa/ibl; HOTHMIXKECIH/le KOMIIOHEHTTEP/iH KbI3MeT Mep3iMi efayip yarasaabel (NASA 3eptTeyi
6ombiHIIAa ~50% y3apaasl) [13]. Conpaii-aK To3yFa Kapcbl Oepik MaTepuajapaH >KacajfaH
TeJIKe, MOpLUIeHb CaKWHajaphbl, KJanaH OpPbIHJAbIKTApbl CHUSAKTbI OeJIIeKTepAi KoJJaHy [Ja
KO3Fa/ITKBIIITBIH KbI3MeTIH y3apTazbl. bys1 Taciijiep KO3Fa/TKbIL pecypCblH apTTbhIpFaHMEH,

168  Nel(154)/2026 JLH. l'ymunes amviHdarul Eypaszus yammuix ynugepcumeminiy XABAPIIBICHI.
TexXHUKAIbIK FblAbIMOAp HCaHE MEXHOA02UsLIAD CepUsiChl
ISSN: 2616-7263. eISSN: 2663-1261



[1lITeH kaHy KO3Fa/ATKbILUITAPbIH XKOHAEY/iH TUIMAIITIH apTThIPY: MalllMHAJIBIK, OKbITY¥a HeTi3/e/reH
60JKaM/Ibl TEXHUKAJIBIK KbI3MET KOPCETY dici

oJlap/bl €HAIpy YIIiH KOMaKThl KapaXkaT >XKOHE TEeXHOJIOTUSJIbIK 6a3a KaXKeT, COH/ABbIKTaH Kell
»KaFAan/a aJa/iblH ajly )KoHe 60/KaM/1ay 9iCTEPIH TOJBIKTbIPYLIbI POJ aTKapa/ibl.

Bomxambpl  JUAarHOCTHKA  *KoHe  MAallWHAJIbIK  OKBITY:  COHFbl  OHXbUIJbIKTA
KO3FaJITKbIIITAP/AbIH aKayJapblH JepeKTep HeTi3iH/e aHbIKTay KoHe 60J/Kay OaFbIThIH/IA VJIKEH
inrepineyuinik 6ap [16]. JlaTuMKTep TEXHOJOTHSCBIHBIH JaMybl apKacblHJa KO3FaJITKbIIIThIH
KOeINTereH )KyMbIC IapaMeTpJiepi (TeMnepaTypa, Mail KbIChIMbI, AipiJ, MIbIFATbIH ra3 KypaMbl, T.0.)
OHJIAMH pexxuM/jie 6aKbliaHa anajbl [17]. Mblcasibl, 3aMaHayyd KO3FaJTKbILITApAa OPHATBLIFaH
[oT ceHcopJsiapbl TeMmepaTypa, BUOpals, KbICbIM, Mal camachl, >KaHapMail aFbIMbl CHSKTbI
KepceTKilTepai y3zikci3 Tipken oteipazbl [17]. ’KuHanfaH y/KeH JiepeKTep aFblHbIH THIMJi
naijajaHy YIIiH MallWHa/IbIK OKBITY 9JicTepi KoJjjaHbLiaAbl [18]. Mbicanbl KemnTereH
nmeTeajep/e KO3FaJTKbILITBHIH, aKayJapblH aHbIKTAYy VIUIH HEHWPOHABIK >KeJsijep, IewiMep
afauubl, eaumeMzinik TeMenzety (PCA), cnekTpJik Tanzay Topis/i alropuTMep/Ai naianaHblin
keseni [19][20]. MamuHaibIK OKBITYy MOJeJbJepi JaTYUK CUTHAIAAPbIHJAAFBI >KaCbIPbIH
3aHABLIBIKTApAbl Tayblll, KAJbINTAH aybITKbIFAH >XaFJaW bl epTe Ke3eHJe aHbIKTal aJsajbl.
MacesieH, BUOpaUUSAJBIK CUTHAAJApAbl Tajjay apKblibl MOJIIMIHUK HeMece HiH/i-6lIiK
aKayJiapblH 6acTanKbl CaTBhICBIH/A-aK aWKbIHAAyFa 6o0Js1ajbl. Kaszipri eH 03bIK aAicTep TepeH
HelpoH bIK kKesisiepAi (DNN), koHburypauusablk HeHpoHAbIK xesaisepai (CNN) >xaHe
Transformer Topi3Ai apxuTeKkTypasapAbl KOJIaHY/Aa, *K9He oJap JdCTypJai ojicTepMeH
CaJIbICTBIPFaH/la aHbIKTAY JAdJIAIrH apTThIpFaHbl XXeHiHzAe ecenTep 6ap [21]. CoHpal-aK, COHFbI
3epTTeyJepJe dPTYPJi KYKTeMe KaFJaubiHAa 16 TypJli MallWMHAJbIK, OKbITY aJrOPUTMZAEpPiH
CbIHAaKTaH eTkKi3in, oHblH imiHge 1D-CNN men Transformer HeridiHzieri ru6pUATI MOJeNb/iH,
aKayAbl TaHy JI9JIAITI eH )KoFaphbl eKeHiH kepceTTi [16][21].

Bomkambl TEeXHUKaJbIK KbI3MET KOpCEeTY KyWeJsiepiHiH THIMAiNIri KenTereH caJjajapja
JlaJies1ileHreH. OHepKacinTeri xkabAbIKTapa 0yJ1 9/jic TEXHUKAJIbIK KbI3MeT WbIFbIHAApbIH 51,8%
JlefiH KpICKapTyFa MYMKIH/IK OepeTiHi JUHaMUKaJbIK K0ClnapJ/ay apKblabl aHBIKTaAAbl [22].
Keslik TexHHMKacbhIH/A [ja YKCAaC HOTHXKeJlep OalKalabl: )KacaH/ bl UHTEJJIEKT HeTi3iH/e KbI3MeT
KOpCeTYy KeJliKk Oy3bLIyJapblH 00JblpMal, TOKTAll Ka/ly YaKbITbIH auTapJ/blKTakl KeMiTezi
[23][24].

CoHBbIMEH KaTap, KYTIEeTeH ipi aKayJlapAblH aJ[ibIH aly apKbLIbl KypZeJi xKeHJ ey KaXKeTTiJIiri
cuper, GeJilIeKTepAiH KbI3MeT €Ty Mep3iMi yirasaabl. bys kaHama THIMAiJNIK peTiHJAe OTbIH
YHEM/IIJIIrT MeH 3KOJIOTHUSIJIBIK KOPCETKILITEPiH, *)aKcapyblHa acep eTefi. KO3FaJTKbILITHI AYPbIC
KYTIIeTeH »a¥faln/a OThIH WBbIFBIHBI apThII, MbICaJIbl, Cy3rijiep OiTesin Kajica )kaHapMal TYTbIHY
2%-ra JediH KebOeMeTiHi, COHJaW-aK 3USAH/Abl LIbIFAPbIHABLIAPABIH, 6Cyi MYMKIiH €KeHi
eHJipylIisiep TapanblHaH eckepTisieni [3]. KepiciHile, yakTblibl >KoHe camajibl >XeHJey
apKacbhIH/a KO3FaJTKbILI OHTANJIbl peXKUM/IE XKYMBbIC iCTen, OTbIH YHEMI »KaKcaphblll, aTMocdepara
TacTaJaTblH 3UAHJbI ra3jap MeJepi azasaabl [4]. TinTi keHAey MeH TeXHUKa/bIK KbI3MeT
KepceTy/li OHTaWJIaHAbIpy OOMbIHIIA KONMAaKCaTThl 9/jicTep/ie KeMipTeri i3iH a3alTy Aa »Keke
MaKcaT peTiH/le KapacThbIpblia 6acTaFaHbl 6aKanaabl [25].

Korapbigarel  onebueTTepre  1IOJY  KOPBITBIHABICHI  OOWBIHING, IIUTEH  >KaHY
KO3FaJITKbIIITAPbIH NaiananHyaarbl KaszakcTaH Tapis3ai KaTas xafjanaapa (KOHTUHEHTa/ bl
KJIMMaT, 3K0J1 Canackl, )kaHapMai canachl) 60J/KaM/bl TEXHUKaJBIK KbI3MET KOPCETY 9/JiCiH eHTi3y
eTe 63€eKTI.

ByriHri KyHre geiiH otaHAablK Kargauaapaa KK yiuiH MalmivHazibIK OKbITYFa Heri3zesreH
KbI3MET KOpCeTyZi 3epTTey LieKTeyJli 60JFaH/bIKTaH, OCbl OaFbITTA XKYPTri3iJieTiH *XYMBICTbIH,
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FbIJIBIMHU XKaHaJIbIFbl MEH MPAKTUKAJIbIK KYH/ABIJIBIFBI 2KOFaphbl A€l CaHalMBbI3.

JdjicHaMa

3epTTey HbicaHbl peTiHAe KaparaH bl KajacblHAAFbl aBTOOYC MapKiHAeri Au3esb/i ilTeH
»KaHy KO3Fa/ITKbIIITAphl 6ap 6ipHellle KoJiK TaHAAM aJblH/bl. ATall aWTKAaH/a, OpTallla ecemnneH 5
Kb KYMbIC icTereH, 6ip yuarigeri 10 kasnaapasblK aBTOOYyC KapacTbipbliJbl. Bys aBTo6ycTap
KaTaJl KJUMaTTa (KbICKbl CYbIKTA J»X9HE 1Ka3Fbl bICTbIKTA) >X9He aWTapJibIKTal Kypy
KapKbIHAbLIBIFbIHAA MalAaJaHblIAaThIHABIKTAH, OJIapAblH TEeXHUKaJ/bIK >KafF[aubl KOHiHJe
JlepeKkTep any TUIMAI Aen miemisifi. JkcnepuMeHTTIK 6a3a peTinze KaparaHzbl TeXHUKAJbIK,
YHUBEPCUTETIHIH, 3epTXaHacblHJA dp aBTOOYC KO3FaJTKbIlIbIHA OpPHATbUIFAH KOChIMIIA
JIAaTYMKTEP MeH JepeKTep >KWHAy »KyWheci NaWfanaHbUbl. JlaTYUKTep KO3FAJTKbILIThIH,
MaHbI3/lbl MMapaMeTpJIEPiH HAKThl YaKbIT PeXHUMiHJe TipKen OTbIPAbI, OJIap/blH illiHAe: Mau
KbICbIMbI, Mal/IblH TeMIepaTypachl, CAJKbIHAATY CYHUbIKTBIFbIHbIH TeMIlepaTypachl, [UJUHAD
06JI0KTapbIHbIH, BUOpaLUs JAeHTeHi, aya WIbIFbIHbI MEH OTBhIH KbIChIMbI, COH/AW-aK LIbIFATbIH
rasjlap TemIilepaTypacbl MeH KypaMbIHAafbl OTTeri (JsM6/a-ceHcop) KepceTKimTepi 60JAbI.
KuHanraH JepekTep KeJIIKTiH OOPTTHIK KOMIbIOTEpPIHEH M9HE KOChbIMIIA CeHCOopJapJAaH
OpTaJIbIK JlepEKKOPFa OHJIANH TYyp/ie XKibepiin OThIpAbIL.

Jepekmepdi xHcuHay saHe andbiH ana eHdey. 3epTTey 6GapbicbiHAA 12 all imiHAe aTasnfaH
aBTOOYCTap/AblH, CEHCOPJIBIK, JlepeKTepi MeH TeXHUKAJbIK KbI3MET OKUFaJsaphl Tipkeszi. Opbip
»KOCTHapJibl TeXHUKaJbIK KbI3MeT (MbIcajibl, Mald aybICThIPY, Cy3rijiepAi Tasajay) >koHe apbip
KYTIlereH akay (»0J1/1a icTeH HIbIFY, KO3FaITKbIIIThIH KAJbIIITAH ThIC TOKTAYbl) YaKbIT 6e/riciMeH
JlepeKKOpFa eHri3iifi. AJIbIHFaH yaKbITTBIK KaTap JepeKTep a/lAbIMeH Ta3apThLIbII, ayTJAUepJiep
MEH JaT4YUK KaTeJsepi Ty3eTinai. Mbicasibl, Kelbip JaTYUKTepAeri Ke31elcoK UIyblH 6acy yIliH
bunpTpauus anaroputMmzepi (KosfajiMasbl opTauma cysri) KoJgaHbuiAbl. CoHJai-ak ap6ip
aKay/lbIH OpbIH aJyblHA AeUiHri 6esrini 6ip ke3eHre (akayZaH 1 caFaT OypbIHFa AeliH) KaTbICTbI
CEHCOp JiepeKTepi "akay aijblHAAFbl' KJacC peTiHZe TaHOaJaH/Abl, aJ KaJbIIThl XYMbIC
Ke3eHJepiHAeri AepeKTep "KaJbINThl KJacc peTiHje 6enrisienai. Erep Kosiaa 6ap iepekTe HaKThl
aKayAblH 6acTasy coTi TipkesreH 60Jica, OFaH JleHiHri OipHellle CaFaTThIK JepeKTep KayilTi
»KaFJau peTiH/e KapacThIPbLIAbI.

BoskaMzabpl TexXHUKaJbIK KbI3MET KOpCeTy »KYWeCiH icke acblpy YIIIH KaJaraJaHaTbIH
MalllMHAJIbIK, OKBITY 9/ici KOJ1JaHbLIAbL. MaceJie eKi KJ1acThl K1acCuPUKaLUA peTiHAe KOUbLI/bL:
"YKaKbIH apajia aKkay 060J1a/ibl" KoHe "KO3FaJITKbIII KaJbINThI )XYMbIC KYHiH/e". Moaesb peTiHae
KU1 KOJIJaHbLIAaThIH alropUTMAepAiH 6ipi Gradient Boosting Decision Trees Taganpbl, ce6ebi 01
KYpZeJii e3apa 6aiaHbICTaphbl 6ap JepeKTep/e }KaKCbl HOTHXKeJlep KepceTe/i xkaHe TyCiHAipyre
pIHFaWabl. COHBIMEH KaTap, Ca/JbICThIpy YIIiH TepeH HeWpOHABIK »xesi (DNN) mopeni ne
KapacTbIpbLIAbl. AJTOPUTMAEPAIH THUIMAUIICIH apTThIPy YIUIH MaHbI3Abl epeKuleJiKTepal
aHbIKTay JKyprisingi: 6acrankbl 50-AeH acTaM CeHCOPJIbIK KepCeTKillTepAiH illiHeH eH
aKnapaTThIK, KepCceTKillTepAi ipikTey yuliH 6acTbl KoMIOHeHTTep Tajngaybl (PCA) koHe e3apa
aKmnapaTTbl Taazay oaJicTepi KojajaHbuLiAbl. HaTuKeciHfe KO3FaJTKbILI BUOpPALUsCHIHBIH
CHeKTpasibJbl CUNATTaMajapbl, Madl KbICBIMBIHBIH KyJAbIpay KbLIJAAMAbIFb], CaJKbIHAATY
CYUBIKTBIFbl TEMIIEPATYPAChIHbIH 6CiMi CUSKTBI 15 Heri3ri epekilesik 6eriyieH;.

Kosiparbl TaHOasaHFaH JepeKTep KUBIHTBIFbl OKBITY >K9HE TEKCepPy >XUbIHTbIKTapblHA
6enainai (80% oky, 20% Tekcepy). AnabIMeH, TpaJUeHTTi OYCTUHT MOJeJi OKy JAepeKTepiHze
ydpetinigi. Mogenb runepnapametpsiepi k-fold kpocc-Banupuzanusa (k=5) apKpbliabl
OHTaWJaHAbIpbLIAbL. COoJaH KeHliH TeKcepy >XHUbIHbIHJAA MOJEJIbJIH >XYMbIC KepCeTKillTepi
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O6arajaHAbl: Heri3ri MeTpukajap peTiHzAe Aajafik (accuracy), cesdiMmTanzblk, (recall) xoHe
HaKTbUIBIK (precision) anbiHAbL. COJl CUSIKTbl HEMPOHABIK >XKeJi MoJiesi /e YHpEeTisin, OHbIH,
KOpCEeTKIIITepPi CaJbICThIPBLIABL.

YiipeTinren MmozenbAi ToxKipubeze KoaHy YiliH HAaKThl YaKbITTAFbl JUAarHOCTUKAJBIK XyHe
*kacanpbl. JKyiie ap6ip aBTOOYCThIH JepeKTepiH y3/ikci3 Taaan, erep MoJiesib ajiJlaFbl, MbICaJIbl,
1 carat iwmiHAe akay 60Jiybl bIKTUMaJ Jen 06oJpKaca, OHAA COJ KeJliKKe KbI3MET KepCeTy
OpTaJIbIFbIHA eCKePTY xkibepinai. EckepTyse KaHAal KepceTKIlITepAiH KaJbIITaH ThIC €EKEeHJiri
’KoHe IlaMaMeH KaHJal TyWiHJe aKay TybIHZaybl MYMKIH €KeHJIri TypaJbl aKknapaT KaMThLIAbI
(Mbicasbl, "Ne3 aBTOOYC, KO3FaJATKBIII Mail KbICbIMbl KaJIbIIITAaH TOMEH, KaKblH YaKbITTa Mai
KyHheciH Tekcepy KaxeT"). bysn memimaepi Kabbuijay yiliH MoJeJsib/JiH WbIFybl TYCIHAIpY
MakcaTbiHa SHAP (SHapley Additive exPlanations) aaici KosiJaHbLIABI — 0J1 MOZiEIb 6OKAaMbIHA
€H, KeIl bIKIaJ eTKeH paKTopJiapbl KOpCeTin OThIPAHbI.

Ky¥eHiy ceHiMJI »KYMBIC iCTeyi YILUiH K9He JAepeKTep/iH TYyTacTbIFbIH CaKTay MaKcaTbIHAA
apHaiibl cepBepJiik OaFAapJiaMablK »KacaKTaMa OpPHATbLIAbL. BapJiblK JepeKkTep mudpJaHFaH
TYp/ie CaKTaJlblll, TEK OKiJeTTi Ty/iFanapFa (MH)KeHep-MeXaHUKTepre) oKyFa KOo/DKeTiM/i 60J1/1bl.
Kyiie kubepkayinciz/jik TajanTapblH eCKepe OThIPHIIN Kacaubl, ce6ebi UHTepHETKe KOChLIFaH
JIaTYMKTEP MeH 6acKapy *KyHesiepi KOpFaHbICChI3 KAJICa, CBIPTKbI KMbOepKaTepJiep/ieH 3UsiH Kepyi
MYMKiH [25].

3eptTey 10 aBTOOyC Heri3iHje >KyprisiireHiMmeH, JepekTep KesieMi alTapJibIKTal yJKeH
YaKbITTBIK KaTap/Jbl KaMTblJbl. 12 ail imliHAe ap KO3FaJTKbIIITAaH opTa ecenneH 1,8-2,3 MJH
TeJieMeTPUSJIbIK )ka36a Tipkeai (arperayus »xkuijiri — 1 MuHyT). Kasinel TanjaHfaH xasbanap
caHbl llamMaMeH 20 MJIH-HaH acThl.

JlepekTepAiH CTaTUCTUKAJIBIK CEHIMJIIriH KaMTaMachl3 eTy YIIiH MOoJieJib HOTHXKeJiepi 5-
KaTnapJibl Kpocc-Banugauus (k=5) apkpuibl Tekcepingi. COHbIMeH KaTap, Heri3ri MeTpukasap
(accuracy, recall, precision, ROC-AUC) ywin 95% ceHimMAinik nuHTepBaiapsl bootstrap percentile
aaiciMmen (1000 kaiiTa ipikTey) ecenTtesi.

['pagreHTTi OyCTUHT MO/eJi YIIiH:

Accuracy = 0.92 (95% CI [0.89; 0.95])

Recall = 0.95 (95% CI [0.91; 0.98])

Precision = 0.88 (95% CI [0.84; 0.92])

ROC-AUC =0.96 (95% CI [0.94; 0.98])

AJIbIHFaH MHTepBaJAapAblIH Tap 60/1ybl MOZeJib HOTUXKeJIEPiHiH TYPaKTbLIbIFbIH KOPCETE/|.

HaTuKesiep MeH TaJIKblj1ay

['pagueHTTi 6YCTUHT MOJEJNiHIH TeCTiNiK JepeKTepaeri akayAbl aJlJiblH ajia AypbIC 60o/nKay
Jaafiri ~92% 60J1bl1, XKalFaH Tepic HOTUXKeJiep caHbl (aKay 60J/1apblH OallKamMal Kajly) eTe a3
601161 (ce3iMmTangbiK, ~95%). Helipouapbik kesi (DNN) mMozesti e miamasiac HOTHXKe KOpCeTTi —
Jaaairi ~90%, 6ipak OHbI TYCIHAIPY KUbIHAAYy OOJIFAHABIKTAH, HETi3ri Ta/Aay YIiH HemimMaep
aralibl  MOJeJIiHIH, ~ HOTWXesepi  NaWjasaHbUIAbl. AJIBIHFAH  MOJIeJibJliH ~ MaHbI3/bl
epeKlleNiKTepiHiH  KaTapblHJAa BUOpanus CUTHaJJApPbIHbIH, 6esrisii  6ip  KMMIKTIK
KOMIIOHEHTTepi, Mall KbICBIMbIHbIH, KYpPT T6MeH/leyiHeH OypbIHFbl aybITKyJlap J>KoHe
KO3FaJITKBILITBIH, CYbITy CYWBIKTBIFbl TeMIEPATypacblHbIH 9JeTTEH ThIC KOTepinyi 60sabl. bya
6eJirisiep akay/blH XaKblH/al KaJFaHbIH Oi/1AipeTiH Heri3ri MHAMKaTOopJIap peTiH/e TaHbLI/bL.

BoykaMabpl KbI3MET KOpCeTy »XyWeciH Tokipubesiik TomnTarbl aBTOOycTapra 6 ail GOWbI
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KOJIJJaHy HOTHIKeCiHJe alTapJibIKTall OH, e3repicTep 6ailKanzabl. EHriziireH xyie ocbl KeseHJe
OpBIH alybl MYMKiH 60siFaH 10 ipi akayablH 8-iH albIH ajla aHBIKTAIl, OJIapAblH aJ/blH aJyfa
MYMKiHJiK 6epAi. Mbicasibl, 6ip aBTOOyCTa CaJKbIHAATKBIII CYUBIKTBIK TeMIlepaTypachl
KaJIbIIITAaH TBIC 6CiN, MOJeJb "CybITy >XYHeCiH Tekcepy KaxeT" AereH Jabbli Gepji; cepBUC
OpTaJIbIFbIH/IA TEKCepPy OapbIChIHJAA PaAXATOPAbIH OiTesiNn KaJFaHbl aHbIKTAJbII, YaKbIThLIbI
Ta3apTbLbl. HoTuxkeciHae, OYPbIH KUi Ke3AeceTiH KO3FaJTKbIII KbI3bII KETY OKUFaJIapbI
6osMazbl. Kannbl, KEHETTEH iCTeH WIbIFY cajapblHAaH TYbIHAAWTBIH KOCHap/AaH ThIC TOKTAaI
KaJsy yakbITbl ~30-35% KbicKapabl. By kepceTkim McKinsey capantamacel 6omkarad 30-50%
ayKbIMbIHa caliKec KeJsieJii [24] xoHe 60/KaMAbl KbI3MET KepCeTyAiH TUIMJAINIriH aaiengeii.
ABTOGYC mapki GoWbIHIIA KAapacTbIpbIFAaH Ke3eHJe XKeHJeyre 0alJIaHbICThl »KaJlbl KaWCbI3
TYpbIN KasifaH yakbIT 120 carartan 80 caraTka AeliH a3ail/ibl (mapKTeri 6apJiblK aBTOOycTap
KUBIHTBIFbIH/A). Ocblali1la K0J1aylIbLIap TaCbIMa/bIHbIH, Y3/iKCi3Airi apTThI.

BoJixaMibl KbI3MET KOPCeTY KO3FaJTKbILITbIH KaJllbl TEXHUKAJBIK Kall-KyHiHe OH dcep eTTi.
6 a¥l imiHge 6ipAe-6ip KO3FaATKBIIITA KYPAeai KaluTalbl )KOH/AeY KaXKeTTi/iri TyblHJaMa/ibl,
cebebi ycak akayJsap acKblHOAW TYpbIN Ty3eTijin oTbipAbl. CapanTaMablK 6aFajsay 60UbIHIIA,
OyJ1 TOCIJI KO3FA/ITKbIIL arperaTTapblHbIH Kyp/eJi xeH/ey apasblK *KypiciH 20-25% yaraiiTyra
MYMKiHAiK Oepeai. Mpbicasibl, KO3FaJATKbIIITAPABIH KOMIPECCUSJIBIK KbICBIMbIH  OJIIIEeYy
HOTHXKeJIepi KOepCeTKeHJled, aJiJlblH aJjy IIapajapblHbIH apKacblHAAa LMWJUHAP-TOPIIEHb
TOOBIHBIH TO3y KapKbIHbl GasysiaFaH. bys - GeJiliekTep/iH, pecypcbl TUIMAI maijasaHbLIbII
»KaTKaHbIH KepceTe/|.

IKOHOMHUKAJBIK TYPFbIJAH, KyTIereH Oy3blLIyJap/iblH a3alobl XXKoHe YJKEH XKOeHJeyJaepaAiH
cupeyi KbI3MeT KepcCeTy WIbIFbIHJAPbIH Oipmiama TeMmeH/eTTi. EcenTeyimisiie, ap aBTobOycKa
IaKKaHJa OoJKaMAbl KbI3MET KOpCeTy >KYMeCiH €eHri3y OHBIH, KbUIJABIK KbI3MET KepceTy
IIBbIFBIHBIH aMaMeH 15%-fa a3alTThel. byFaH keH/ey OeJilieKTepiHe *KyMcalaTblH Kap>KbIHbIH
»KoHe 00C TypFaH yaKbITTaFbl TaOBIC XKOFAITY/bIH KbICKapyhl KipeAi. XKylieHi eHri3yziH 6acTankpl
IIBIFbIHAAPHI (AATYMKTEP OpPHATY, 6aFjapJiaMasblK, KAMTYy) L1aMaMeH 8 aWAblH illiHje eTeJir,
OJlaH KeUiHTi Ke3eH/ie Ta3a YHEM TYpiH/e nanja 6epe 6acTajbl.

ROC-KUCbIfbI
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['pasgueHTTI OYCTHHI MOJeJiHIH TecCTiliK JepekTepjieri 6o/nkaM camnachl >XKaH-KaKTbl
MeTpUKasiap apKblibl 6aFanaHabl. Moaenb/iH xannbl AaJAiri (accuracy) 0.92 neHreiinge 60J/bI,
aJs cesiMmTangpblk (recall) 0.95 MaHiH kepceTTi, 6y akay/iap/ibl 6TKi3iM aMay JieHreiiHiH »KoFapbl
ekeHiH 6inaipeni. CoHbIMeH KaTap, HaKTbUIbIK (precision) 0.88 peHreiinge anbikTanabl. ROC
KUCBIFbI O0MbIHILIA UHTerpanblK kepceTkim (ROC-AUC) 0.96 (95% CI [0.94; 0.98]) kypazpbl, an
precision-recall kuceirel 60¥biHIIa PR-AUC 0.79 (95% CI [0.76; 0.86]) 60aab1. By HoTHXKeIED
MOJeJIb/IH CUPEK Ke3/eCceTiH aKayJiapAbl CEHIMAI TYp/e aXblpaTa aJlaTbIHbIH KepceTe/|.

Mopenb canacel ROC Kucbifbl apkblibl 6arananzabl (CypeT 1). KUCBIKTBIH, AuaroHajb
CbI3BIKTAH aWKbIH »KOFapbl OpHa/JaCybl TPaJJUEHTTiI OYCTUHT MOJEJiHIH aKay MeH KaJbINThbl
KaFJauapl ceHiM/i TypAe axkbipaTaTbiHbIH KepceTe/ii. ROC-AUC = 0.96 MaHI MoJiesib/liH )KOFaphbl
JUCKPUMUHAIMAJIBIK KabiseTiH pacTalibl.

Cypette rpaaueHTTi 6ycTuHr (AUC = 0.96) xxoHe DNN (AUC = 0.91) mognenbaepinid ROC
KUCBIKTaphI KepceTiireH. [pasineHTTi 6ycTUHT MojeJi 6apJibiK FPR quanasonsidaa xkorapsl TPR
KepceTin, akay MeH KaJIbIIIThl XKaFAalbl CEHIM/Ii aXKbIpaTaTbhIHbIH AaJenaeni. Random baseline
(AUC = 0.5) cbI3bIFbIMEH CaJIBICTBIPFAH/Ia MO/ie/lb aUKbIH OAaChIM/IbIKKA H€.

Helipouapik »kesi (DNN) mopeni ywin gaagik 0.90, ROC-AUC 0.91 6oaabl. Exi Moaenb
apacbiHgarbl ROC-AUC alibipMalibLibiFbl DeLong TecTi apKblibl Tekcepiin, rpaZjieHTTi 6YCTUHT
MO/JIeJIiHiH, apTHIKIIBLIbIFbI CTATUCTUKAIBIK MOH/Ii ekeHAiri anbiKTanabl (p < 0.05). Ockl cebenTi
api TyciHAipy MYMKIiHZIri »KoFapbl 6GOJIFAaH/BIKTAaH, Heri3ri Tajjay VIUiH Liemim/ep afalibl
Heri3iHzaeri MoJie/1b HOTUXKeJiepi KOJ1LaHbLI/bl.

Confusion matrix Tanzaybel 60HbIHIIA aKay KJIACbIHBIH aJfaH Tepic HaTuxesepi (false
negatives) 5% wmamacbiHa 60J14bl, 6yJ1 6HAIpicTiK opTa YIliH Kayinci3aik TasanTapblHa coliKec
KeJiesi.

Oonpik-Ce3iMmTanablK KNCbIFbI
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2-cyper. Precision-Recall kucbiKTapsbl

AnropuTMaepAiH THIMAiMITIH apTThipy MakcaTbhiHJA 50-7eH acTaM 6acTanKbl CEHCOPJIbIK
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KepCeTKillTepre eJleMAIJIIK TOMeH/eTy XKoHe aKIapaTThIK MaHbI3blIbIK TaJaybl )KYpPTri3iaai.
PCA naTuxecinze aepektep/iH, 87% AucnepcuscbiH TYCIH/IPETIH aJFallKbl 5 6aCTbl KOMIIOHEHT
aHbIKTaJbl. ©3apa aknapat (mutual information) Tangaybl KO3FaJTKbIll aKayblHa €H, bIKHaJ
eTeTiH 15 Heri3ri 6e/riHi 6eJin KkepceTyre MyMKiHJiK 6ep/i.

MaHpbI3/1b1 OesriziepAiy, imiHae:

Bubpanusanbiy, 120-180 I'u xkuinikTik Auana3oHbI

Mai1 KbICBIMBIHBIH KbICKA MEP3iM/Ai KyJ14bIpay KbLIAAM/bIF bl

CanKbIHAATKBILI CYHBIKTBIK TeMIIEpAaTypPacbIHbIH 6CY KAPKbIHbI

OTBIH KbICBIMBIHbBIH, TYPaKChI3/bIF bl

[lIpiFapbl/IFaH ra3 TeMIepaTypacblHbIH KaJIbIITaH aybITKYbl aHBIKTAJI/JbI.

CoHbIMeH KaTap, CMpeK Ke3JeceTiH akay KJachl YLIiH MoJiesib camackl precision-recall
KUCBIFbl apKpbLibl KocbiMiia Tekcepinai (Cypet 2). PR-AUC = 0.79 60sybl MOJeJb/iiH, aJfaH
JlabbLIlap MeH KibepinreH akayJsiap apacbhlHAarbl Temne-TeHAIKTI THIMJI ycTall ajaTbIHbIH
6ingipeni.Precision-Recall kucbifbl cHpek Ke3jeceTiH akay KJacChl YIIiH MoJesib canachlH
kepcetefi. [paguenTTi 6ycTUHT MoAesiHiH PR-AUC = 0.79 6oJybl aKay »af/jailJlapblH KOFaphbI
CeHiM/IiJIiKIIeH aHbIKTAUTBIHBIH Oinfipesi. Knacc yneci (prevalence = 0.155) 6a3anblk JeHreu
peTiHze KepceTilreH.

EpexwmeniktepZiiy, MaHbI3AbUIbIFbI SHAP Tanpayel apkbuibl aHblKTanzabl (Cypet 3).
JluarpaMmma Mo/iesib LiellliMiHe eH Kol bIKNaJl eTeTiH GpaKTop/apAbl CAaH/bIK TYpAe KepceTe/i. EH
YKOFapbl acep eTeTiH Oesriziep BUOpalusHbIH 6e/risi 6ip *KUiMIKTIK KOMIOHEHTTeEPI MeH Mai
KbICBIMBIHBIH, ©3repic KapKbIHbl eKeHi aHbIKTanAbl. SHAP Tangaybl 6yn GesrinepaiH mMojienb
HmieliMiHe bIKNaJ eTy AeHreliH CaHAbIK Typ/Ae KepceTTi. Mbicasibl, Mall KbICBIMbIHBIH, KaJIbIIThI
MoHHeH 12% TeMeH/ieyi aKay bIKTUMaJ/IAbIFbIH opTa ecenieH 0.23 6ipJyikke apTThIPFaH.

MYMKIHAIKTEPAIH, MaHbl34blblFbl (SHAP)

Hipin akcuecci

AipinaiH RMS MaHI
Aya afblHbIHbIH aybITKYbl
Maii TemnepartypacbiHbliH aybITKyb!

Nam6aa (O,) AATHUIIHIH aybITKYb! -

MNaiiganaHbinFaH rasgap TemMnepaTypackiHbly
aybITKYybI

XKaHapmMaii KblCbIMbIHbIH, TYPaKCbI3AbIFbl

CankbiHAATKBIL CYVbIKTBIK,
TeMnepaTtypacbiHbIH K8TepiNy XblNgaMAbIFb

Mati KbICbIMbIHbIH TEMEHAEY XblN1AaMAblFbl

120-180 Iy, XWINIKTEr! AIPIN KypayLbiCbl
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3-cypet. SHAP Herizinzeri epekienikTep/iH MaHbI3AbLIBIK AUarpaMMachl

Jluarpamma MaHiepi 60¥bIHIIA eH MaHbI3Abl 10 epekienikTi kepceTei. EH koFapbl bIKnaJ
eTeTiH ¢akTopJsiap - BuOpauuaHblH, 120-180 'y guana3oHbl, Mall KbICBIMbIHBIH, TOMEH/EY
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KapKbIHbl >X9He CaJIKbIHAATKbILI TeMIlepaTypacblHbIH, ©ciMi. Byn ¢akTop/sap KO3FaJTKbILI
aKayJiapblHbIH QU3UKaIbIK MeXaHU3M/epiMeH coliKkec Kesesi.

Ocplnaiia, MoZies1b TeK 60JKaM Kacall KaHa KOMMal, MHXXeHepJliK TypFblJaH TYCiH/ipiieTiH
WHJWKATOpJIap YChIHA/bIL.

Kocnapgas ThiC TOKTaN Kajly yaKbITbIHbIH, €HTi3yTre JeHiHri )KoHe KeliHri Tapanysl Cyper 4-
Te KepceTiireH. /luarpaMma MeAuaHaJIbIK >X9He KBAapPTHUJBbJIK MOHJAEP/iH auTapJ/bIKTau
TeMeHJlereHiH KepceTeni, 0ysn paired t-test HoTukesepiMeH (p = 0.004) cTaTUCTUKaBIK,
TYPFblIaH pacTaijbl. bomkamMbl KbI3MeT KepceTy »KyHeciH 6 ail 60ibl ToXKipubeJsik TONTaFbl
aBTOOyCTapFa eHri3y HoTHXKeCiH/e Kesleci e3repicTep Tipkeszi:

’Kocnapgan Thic ToKTan Kaay yakbiThl 120 caraTTaH 80 caraTka AeiiH azaiibl (—-33%).

Paired t-test HoTumxeci: p = 0.004.

95% cenimainik naTepBasbl: [-41.2%; -24.3%].

XKocnapgan Thic ipi akaysiap canbl 10 xxafaaiaaH 2 xkafjaira geiin temesaesi (-80%).

OTbiH wbiFbIHBL 30.0 s1/100 kM-zeH 29.3 1/100 kM-re felid azai bl (-2.2%).

By e3repic craTucTUKaNbIK MaH/I 601561 (p = 0.012).

XocnapnaHbafaH ToKTan Kany: OeniH >XoHe KeuiH
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4-cypert. ’Kocnap/iaH ThIC TOKTAIl KAy YaKbITbIHbIH €HTi3yre AeliHri >kxoHe KeliHri Tapanybl

JuarpaMmma aBTOGyCcTap OOMBIHIIA XKOCMAapZaH ThIC TOKTal Kajlly YaKbITbIHBIH TapaJjyblH
kepceTeZii. EHrizijireHHeH KeWiH MeauaHa/IbIK MOH aWTapJiblKTall TeMeHzaereH (-33%), 6yu
paired t-test HaTHKesnepiMeH (p = 0.004) pacTanajbl.

JKOJIOTHUABIK KepCeTKilITep OOUbIHINIA:

CO wbIFapbIHAbLIapbl opTa ecenmneH 10% TeMeHaeni

Tyrtinainik nenreii 15% azau b

Bysn HoTHKesiep KO3FaJITKBILITBIH TEXHUKA/NbIK KYWiHIH TypaKTaHybIMeH Tikesen
6alIaHBICThI.

OTbIH WIBIFBIHBIHBIH 63repici CypeT 5-Te GepinreH. EHrisiireHHeH KeWiHri Ke3eH/le OTBIH
TYTBIHYAbIH TYpPaKTbl TeMeHJeyi OaWKaaazApbl, OyJ KO3FaJTKbIIl TEXHUKaJbIK KYHiHIH
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OHTalJlaHybIMeH OalnanbicTbl.JuarpaMmma 100 KM-re LIAaKKAaHAAFbl OTbIH IIbIFbIHBIHBIH,
TeMeH/ieyiH kepceTei. OpTama yHeM = 2.2% (p = 0.012), 6y/1 KO3FaJATKbIII TEXHUKAJIBIK KYHiHiH
TypaKTaHybIMeH 6alJIaHbICThI.
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5-cypeT. OTbIH WIBIFbIHBIHBIH €HTI3yTe JeliHT] >KoHe KeHiHTi Tapasybl

XaJIblKapaJiblK 3epTTeyJepMeH CalblCThIpMaJibl TaALAy

AJbIHFaH HOTHWXKesiep oJyieMAiK ToxipubemeH yisieceni. Ahmad (2022) ausenb
KosraaTKbilTapbiHga ROC-AUC = 0.89 kepceTkiuliHe KoJI »KeTKi3in, ToKTan Kaaygbl 28%-fa
KbIcKapTKaH. Oliveira (2022) RNN HerisiHaeri Mmozenb apkpLibl 32% asaw kepceTkeH. Glukhov
(2024) aBTONapk aHaJIMTUKAChIHAA 25% KbICKApPY TipKeJIreH.

Ocnl 3epTTeyne 30-35% KbicKapy kaHe 0.96 ROC-AUC HaTuKeci aTasfaH XyMbICTapJaFrbl
JIMana30HFa COMKec KeJsleli )koHe Kelbip KepceTKillTep 60MbIHILA XXOFapbIpaK,

AlbIpMallbIIBIKTap/blH bBIKTUMaJ cebenTepi:

KapafraH/ bl 6HipiHiH 3KCTpeMaJsibl KIUMATThIK KaFAanuiapbl

KykTeme pexxumaepiHiH e3repMeiiri

CeHCOpJIBIK iepeKTepAiH XKOFaphl KUIJIIKTE dKUHATYbI

YaKbITTBIK BaJIUAaLUAHBIH, KOJILAHBLIYbI

FouibIMU LIeKTeyJ1ep KoHe aJllblJlay MyYMKIH/IT]

3eptTey 10 6ipTUnTi aBTOOYCKAa Heri3jesreH, COHJAbIKTAH HATHXeJepJi O6apJiblK KeJlik
TYpJilepiHe aBTOMATThbI TYp/e *Ka/llbliay lekTeyJi. /l[ereHMeH, iepeKTep KeJ1eMiHiH yJIKeH 601ybI
(12 alabIK YaKbITTBIK KaTap) »XoHe KpocC-BalWAAlMs KOJAAHbLIYbl ilIKi CeHiMJiTiKTI
apTThIpazbl. boslamakTa apTypJii MapKasbl 2K9He 9pTypJii nNanZia/laHy pexxuMiH/eri KeaiKTepAi
KaMTy MO/JeJIb/IiH »KaJllblay KabijeTiH Tekcepyre MYMKiHAiK 6epefi.

KosfranTKpllITap/blH, TeXHUKAJbIK KYyHiHIH KaKcapybl OJIapJAblH, OTBbIH [aWJasaHy
TUiMZiniriHe e acepiH Turiszgi. [lapk O6oWMbIHIIA cajbICThIpMasbl TajlJlay KepCETKeHJeH,
60/KaM/ bl KbI3MET KOPCETY €HTi31/IreHHEeH KeWiH OThIH WIbIFbIHBI opTaia 2,2% temengeni. Erep
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6ypbiH aBTOOyCcTap 100 kM-re mamamen 30,0 IUTp AU3e/b XKyMcaca, )KaHa XKyHhe apKbLIbl al/iblH
aJia XeH/iey KyprisyaiH apkaceiHaa 6y kepcetkim 29,3 /100 kM feHreiine aelin TycTi. bya
YyHeM KilliripiM kepiHreHiMeH, y3ak Mep3iM/ie )koHe 6apJiblK KeJIiKTepre aKKaH/4a auTap/ibIKTal
»KaHapMail yHeMjeyre aiHaznajbl. OTbIH IIBIFBIHBIHBIH a3albl KeMipKbIKbLI rasbl (CO;)
3MHUCCUSICBIHBIH, Jla CaWKeCc TeMeHJeyiH 6infipeni. KocbiMilla, KO3FaJTKbIII >KaFJallbIHbIH
»KaKcapyblHaH yJbl LIbIFapbIHAbBLIAp — Kyile (PM) »xaHe keMipTek okcugi (CO) penreisepi ge
TeMeHJlereHi 6alKangbl. Toxkipube OapbIChbIHAA MaiJla/laHbLIFAaH a3 aHaJAW3aTOPbIHBIH
Jepektepi 6oibiHIIA CO wmwbiFapbuibiMbl opTama 10%-Fa KyblK, TYTiHAiiK geHredi 15%-ra
TeMeH/ie/li. OpUHe, OYJl KOPCETKILITEP OThIH calachl MEH KO0J1 XKaFAal/apbiHa Jla 6aiIaHbICThI
KyObL/1a/ibl, IeT€EHMEH YP/AiC aHBIK;: KapaM/ibl TEXHUKA 9KOJIOTHUSIFa 3USIH/bI 3aTTap/bl a3 6eJiefi
[4]. Bysn HoTHXKeslep KO3FaJATKbILITapFa 60JKaM/ibl KYTIM Kacay/blH, 3KOJIOTUSJIBIK THIMAIIriH
KepceTe/i >KoHe aJllbl aJfaHAa KazakcTaHHBIH aya canacblH KaKCcapTyFa bIKIaJ €Tyi MYMKIiH.

Kyprisinren 3epTTey HOTHXKesepi MallMHA/NBIK OKbITyFa Heri3jeareH 60J/pKaM/bl
TeXHUKaJIbIK KbI3MeT KepceTy oJiCiHIH IlTeH XaHy KO3FaJTKbILTAPbIHbIH, TUIMALIITIH
apTThIpy/Jia YJKeH aJieyeTi 6ap eKeHiH KepceTeji. AJIbIHFAaH HAaKTbl KOPCETKIlITepAi aieMaik
9/1ebueTTeri MajliMeTTepMeH CalbICThIpap 60JICaK, KOITereH YKCACThIKTapAbl 6aliKayFa 60J1afibl.
Macesnen, 6i3/iH, TaxipubeMizje keHAey YLIiH »KocnapJaH ThIC TYpbil Kady yakbITbl ~30%
KbICKapca, »kahaH/|bIK, KOHCAJATUHITIK koMmmnaHusap (McKinsey, Deloitte) 6o/mkam/ibl KbI3MeT
KepceTy ToKTan KaayJuapzabl 30-50% peitin asaiiTyra KabiseTTi gen xabapsaraH [11]. Coax
CUSIKTbI, 6i3 aBTOOycTapjaFbl ipi Oy3blIyJiap CaHbIH IIaMaMeH YIITeH 6ipre a3auTThIK, OyJ
Deloitte manimaeren 70% peiiHri a3ar KepceTkilliHe Oesrijsi 6ip geHredae »kKakpiH [23].
AublpMalIbIBIKTApAbIH Oip ceb6ebi — 6i3/iiH 3epTTey Y3aKThIFbIHBIH, HEOapi 6 all 60JIybIH/A, aJl
60JKaMbl KbI3MET KOpCETYAiH TOJIbIK THIMJUIIr y3aK Mep3iMJe KepiHyi MyMKiH. [lereHMeH
Kasip/AiH e3iHAe HOTHUXKeJIepAiH, OH TPeH/i aHbIK,

3epTTey KepCceTKeH 3IKOHOMMUKaJ/BIK Naljacbl Aa OypbIHFbI »KYMbICTapZa aTa/blll 6TKEH
JlepeKTepMeH yuWJseceai. Mbicanbl, afiebueTTep/e JUHAMUKAJIBIK alJblH aly CTpaTerusjapbl
»KeH/Jey WbIFbIHAApPbIH ~50% KbICKapTyFa JleHMiH 6apaThiHbl auTblIFaH [22]. BisaiH kargaiga
15% yHeMre KoJ1 XKeTKi3ijice fie, OyJ1 TEK ajJFallKbl »KapThl XKbLIJAFbl HOTHUXKE, aJl KyHhe TOJIBIK
MacuTabTa eHrisyllijsiep yuliH yakKbIT 6Te KeJie YHEM KeJsieMi apTa Tycepi ce3ci3. EH 6acTbichl —
KYTIIeTeH aKayJap/ZblH 00JIMaybl TEXHUKAJbIK KbI3METTIH, >KOCHApPJIbIBIFbIH apTThIpajbl, Oy
TacbIMaJslayllibl KOMIIAHUAJIAD YILIIH TYTBIHYLIBLIAD aJAbIHAAFbl CEHIMAIMIKTI KeTepeni XoHe
OM3HECTIH TYPaKThLIbIFbIH KAMTAaMachI3 eTej|.

JKyiieHiH OTBIH yHeEMAiJiri MeH skoJiorusifa OH, acepi KasakcTaH »kaFJalblHAA epekKlie
MaHbI3/bl aceKT 60JiblN TabblIaAbl. EnfiiH ipi KasasapbeiHAa aya canachkl COHFbI XKbl1Japbl 63€KTi
Macesiere aWHajbll OThIP. Kaparangbl cekiii HHAYCTPUSAJIBIK OpTaJbIKTapAa KeJliK
HIbIFApbIH/bLIAPbl aTMOocdepaHbl JacTayulbl HeTisri ¢pakTopJsap/bly 6ipi. bi3 6aliKaraH OTbIH
IIBIFbIHBIHBIH ~ 2% TeMeH/eyi )koHe TYTiHAiMiIKTiH 15% a3atobl - 60/KaM/1bl KbI3BMET KOPCETY/IiH,
3KOJIOTUSAJIBIK Al AaChlH HAKTblIaWAbl. MyHAal 2KaKcapy LaFbIH KOpiHIeHIMeH, »KaJllbl KaJlaJblK,
aBTONApKKe TapaJica, ayaFa TapauThbIH 3USIH/IbI OeJIlIeKTep MeH ra3ZjlapAblH eZldyip KbICKapyblHa
9KeJIMeK. O/lebU JlepeKTepre CoMKec, KO3FaJITKbILUIThIH TEXHUKAJbIK Kyl HallapjaFaH CaWblH
OHBIH, 3USIH/bl LIbIFAPbIHJAbLIAPbl 6ceji, MbIcaabl, popcyHKaAarbl akay CO IIbIFapbLIBIMBIH
allTapsblKTal kebedTeni [4]. Byn Typfbiga, 6i3fiH »kKyhe MyHJAM akaysiapbl 00JibIpMal,
»KaHaMa Typ/ie KOJIOTUsFa MaillacblH TUTi3ei Jen aiTyFa 601a/bl.

3epTTey LieHOepiH/le aHBbIKTA/IFaH TaFbl Oip MaHbI3/bI KalT - KazakcTaHarbl naijjanaHy

JLH. T'ymunes amoiHdarst Eypasus yaimmuik yHugepcumeminiy XABAPIIBICHI. N91(154)/ 2026 177
TexHUKA/bIK FbLAbIMOAAp HCIHE MeXHOA02USNAD CepuUsiChbl
ISSN: 2616-7263. eISSN: 2663-1261



H.K. bl6paii, M.C. OBuapoB

IIapTTapbIHbIH, epeKIleNiKTepiH eckepy KaxeTTiri. Bi3ziH xkyhe KaparaHIbIHbIH KbITBIMbID
KbIChIHA, Y3aK KalllbIKTbIKTApFa XKYPY Kaf/jaiapbiHa 6ediMaensi. MyHaa KO3FaJATKbILITAP/AbIH,
CYbIKTa iCKe KOCBLIYbI, Y3aK YaKbIT XOJIOCTbI KYpiC, IIaHAbl OpTa CUSAKTbI $aKTopJap peJ
aTKapazbl. JKyleHiH aJropuTM/AepiH )KeprijliKTi xkaFfalifa Kapall 6antay HoTHXKEeHI KaKCcapTThl.
Mpbicanbl, 6Te CaJIKblH TeMIepaTypaja MauAblH TYTKbIPJbIFbl apThIl, KbICbIM CEHCOPBIHBIH,
KepceTKilTepi e3repeTiHi eckepinai. Bys Toxipube kepceTkeHAel, 60/KaM/Abl KbI3MET KOPCETY
YKYMeCiH eHri3y Ke3iH/e KepriJliKTi KJIMMaT IeH NanJajaHy peXXUuMAepiH MiHAeTTi TypJe ecenke
aJly Kepekx.

AJbIHFaH HOTHXKeJIep /i Xa/lbIKapaJiblK »KoHe OTaH/AbIK 3epPTTeYJIePMEH CalbICTbIPY OJIapAbIH,
FBIJIBIMU HETI3J1JIIrH )XoHe NPaKTUKaJbIK MaHbI3blH alKbIHAAN TyceAi. MallWMHaJbIK OKbITYFa
HeriszieJireH 60JKaM/lbl TeXHUKAJIbIK KbI3MET KOpCETy 9/licTepi COHFbI KbLIJapbl AW3eb/i
ilITeH »aHy KO3FaJTKbILITApPbIHbIH, CEHIM/INIriH apTThIpy OafFbITbIHJAa KEHiHEeH 3epTTesyje.
9/lebueT JiepeKkTepi KepceTKeHJel, MoJesb canackl kebiHece ROC-AUC, precision-recall
KU CbIKTaphI )KoHE HAKTbl 3KCILJIyaTalMAJbIK 9CepMeH GaFaaHabl.

Mpeicanbl, Ahmad (2022) ayblp KYK [jM3e/b KO3FaJTKbILITAphl YIIiH »acaJfaH 00/KaM/ibl
Mozesbae ROC-AUC = 0.89 kepceTkiuliHe KOJ1 »KeTKi3reH KoHe »KocnapZaH ThIC TOKTAIl KaJy
yaKbITblH I1aMaMeH 28%-Fa KbICKApTKaH. 3epTTey OapbIChblHJA CEHCOPJBIK JepeKTepiH
BUOPAIMAJIBIK JKOHE TeMIlepaTypasiblK KOMIOHEHTTEepi Heri3ri AuarHocTUKa/blK ¢dakTopJap
peTiH/e aHbIKTaJIFaH.

Oliveira (2022) 3eptTeyiHae pekyppeHTTi HelpoHablK »xesisep (RNN) Herisingeri
KO3Fa/ITKbII JerpafaiusiCblH MOJeJibJey 9iCi YCbIHbIFAaH. ABTOpJIap HAKThl YaKbITThIK
JlepeKTepAi naljasaHa OTBIPBIN, TOKTal Kaly YaKbITblH opTa ecenmneH 32%-fa asalTyfa
MYMKIH/ZIK anfaH. bys 3epTTeyze yakbITThIK KaTapJ/apAbl AypbIc 061y MeH MOJesb/iiH 60/1allaK,
JlepeKTepre 6eliM/e/MeyiH KaMTaMachI3 eTyre epekKlle Ha3ap ayAapblIFaH.

Glukhov (2024) aBTomapk AeHreWiHje >KyprisisireH aHaJIUTUKAJBIK 3epTTeyae predictive
maintenance eHridy HOTHWXXeCiHAe SKCIIyaTaUUaJbIK Y3ijgicTepaid, 25%-Fa TeMeHAereHiH
KepceTKeH. Anana OyJs1 »KyYMbICTa MOJeJib CalacblHbIH MeTpUKaJapbl CaJbICTbIpMasbl TYpZe
TeMeH (ROC-AUC = 0.87) 6osiraH, cebebi gepekTepaiH OipTeKTiliri »koHe ceHcopJiap CaHbI
HeKTeyJ1i 60JFaH.

Ocbr 3eptTeyzpe anbiuFaH ROC-AUC = 0.96 (95% CI [0.94; 0.98]) kepceTkiui aTajifaH
eHOeKTep/ieri HoTUXKeJlep/leH KoFapbl eKeHiH kepceTe/i. COHbIMEH KaTap, NUJIOTThIK Ke3eH/e
KOCMapJaH ThIC TOKTaNn Kauy YyakbIThbiHbIH 30-35% KbICKapybl XasblKapajblK, d/e0ueTTe
kepceTisireH 25-35% pauama3oHMeH TOJIbIK CoMKec Kesei. MyHAal aWblpMallbLIbIKTbIH,
BIKTUMaJI cebenTepi peTiHje 6ipHelle pakTOpAbl aTal eTyre 60J1a/bl:

- IlepeKTep/liH KeJieMi MeH canachl; 3epTTey 6apbIcbiHAa 12 allIbIK Y34iKCi3 TeJleMeTPUSIIBIK,
JlepeKTep Manja/aHblIbl, 0YJ MOJeJb/liH TYPAaKTbIJIbIFbIH apTThIPABbI.

- yaKbITTBIK BaJujalys KoJAaHbLybl; Mogenb canacel time-aware split aicimeH 6arananzpl,
OyJ1 HOTHXKeJlep/AiH LIbIHAWBbIBIFbIH KAMTaMachI3 eTTi.

- KJMMATTBIK JK9He DJKCIUIyaTaUUsAJbIK epekwesnikrep; KaparaHabl eHipiHgeri
TeMmnepaTtypaHnblH -35°C-TaHn  +40°C-Ka JeHiH aybITKybl KO3FaJTKBIII >KYKTEMECiHiH
e3repMeJIiJIirid apTTeipazbl. MyHial KaTaH anJalaHy pexxuMaepi MoJiesIb/iiH akay aJlAblHaFbl
CUTHaJ/IJap/bl alKbIHbIpAK aXKbIpaTybIHA bIKIAJI €Tyl MyMKIH.

- epekiueik ipikteyzin Tuimginiri; PCA xxaHe e3apa aknapat (mutual information) aaictepi
apkpblabl 50-/1eH acTaM CeHCOPJIbIK KOPCeTKIUITIH illiHeH eH aKnapatTThl 15 6esri TaHAan b1, 6y
MOJieJIb/IiH, apThIK, LIyFa 6eliM/ieslyiH TOMEHAETTi.
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Kannel anraHfa, a/blHFAH HOTHUXKeJIEp dJeMJIK 3epTTeyJepMeH Ma3MYH/JbIK TYpPFblJa
yiJiece/li KoHe CaH/JbIK KepceTKillTep OOWbIHILA CaJbICThIpMasbl JEHreijle HeMece OJjaH
YKOFapbl eKeHiH KepceTei. byJ yCbIHBIIFaH 9iiCTeMeHiH FbIJILIMU Heri3[iJ1iriH }KoHe OHbIH HaKTbl
OH/IIPICTIK OpTaza KOJAAaHyFa >KapaM/bLJIbIFbIH J2JIeIeU/].

CoHbIMEH KaTap, 3epTTeYy Y3aKTbIFbIHbIH HE09Pi 6 alJ/IbIK MUJIOTTHIK KE3EeHMEH IIEeKTeNyi
HOTHXKeJIep/li y3aK Mep3iM/i mepcrneKTUBa/la TOJbIK 6aFaiayFa MyYMKiH/Aik 6epmeiifii. Bosamiakra
GipHelle KbUIABIK JlepeKTep }KUHAKTAJIbII, 9PTYPJli TUNTI KO3FAJTKbILITAp MEH aBTONMAPKTepre
TapaTy apKbLJIbl CAJIBICTbIPpMaJibl TAJAAY/Abl OZaH 9pi KEHEUTY »KOCIapJiaHy/a.

bi3giy aicTeMeHi api Kapau KeTu1jipy MYMKIiHAIKTepi e KoK eMec. AJIIbIMEH, MallIMHAJIbIK,
OKBITY MOJieJliH OJlJaH 9pi KaKcapTy YUIiH JepeK KeJieMiH yiFauTy KakeT. 10 aBToOycThiH 1
KbUIABIK JlepeKTepi 6acTankbl Taljay YUIiH KeTKiJiKTi 60JFaHbIMeH, O6oJsialllaKTa JepeKTepai
GipHelle Kbl OOMbI XK9HE dPTYPJli THUNTI KeJliKTepJieH KUHAKTal, MOJeJb/ii KalnblIiakl Tycy
»kocnapJanyaa. Conjiaii-aK, Kasipri KoJijaufFaH rpaJiueHTTi 6ycTUHT koHe DNN MozenbaepineH
6esiek, uuopanlk erizgep (Digital Twin) TyXKblpbiMJaMacblH €Hri3y IepcrneKTUBachl 6ap.
HuopablK eris - HaKTbhl KO3FaJTKbBIIITHIH, TOJbIK KOMIbIOTEpPJIiK MOJesi, 0J apKbLIbl
KO3Fa/ITKbILITBIH O0J1alllaKTaFbl KyHiH MoJienbaeyre 6osabl [23]. Ludpablk erizgep keMmeriMmeH
9p6ip [MAapa KO3FaJTKBIIIKA KATBICTbI HEFYPJIbIM HAKThl OoJKaM/ap Kacal, TeXHHUKAJbIK,
KbI3METTI >KeKe Jlapa OHTalJaHAbIpyFa MYMKIiH/iK Tya/bl. OJieM/JiK 3epTTeyaep/e UUPpPJIbIK eri3
TEXHOJIOTUSIChI 6O/KAM/bl TEXHUKAJBIK KbI3MET KOPCETY 9/IiCiH »KaHa JeHTelre IIbIFapaThIHbI
aiTeLiyAa [23], coHbIKTaH OHbl Ka3aKcTaHHbIH, KeJIiK casiacblHa 6eiliM/iey KbI3bIKThI 60JIMAK.

CoHbIMeH 6ipre, KyHeHiH 6HepKaCINTiK eHJipisyiHe 6alaHbICTBI KeUOip LIeKTeyJiep MeH
KUWBIHABIKTAp/bl aTal 6TKEeH »K6H. bipiHIlifeH, 6acTanKbl MHBECTUIUSJIBIK, IIBIFbIHAAP MACeJeci
Typ: ceHcopJiap, 6GalaHbIC KypasiJapbl MeH cepBep HHOPAKYPbLIbIMBIH OPHATy 6apJibIK
KOMIAHUSJIAP/bIH KaJTAacbl KeTepe 6epMeyi MyMKiH. /lereHMeH, TEXHOJIOTUS ap3aHal Kesezi
’)KoHe 0i3 YCbIHFaH >KYHWeHiH 3KOHOMMKAJIbIK THIMJiJIIri GipHelle »bliJa 63iH aKTaWTbIHbIH
kepceTTik. EkiHIIiZeH, KaapJblK Maceje - MYHJAAW KypJesi AUAarHOCTHUKAJBIK >KyWhesepi
naiaaHy YIliH GiJiKTi MHXXeHep-MeXaHUKTep >KoHe JepeKTep MaMaHAapbl KaxkeT. COHAbIKTaH,
cajlaJiblK, MaMaHJap/blH CaHABIK CayaTblH apTThIPbIN, OKbITY KaKeT O6o0Jiafibl. YIIiHIIiZEH,
KHOepKayilnci3aik >koHe JepeKTep KYNHUAJbUIBIFbIL: JKeJire KOCbUIFAH KeJIiK >KyHesepi yiIiH
CBIPTTAH KWOeplabyblja Kayni 6ap, COHABIKTAH THICTi KOpPFaHbIC LlIapaJapbliH KOJIFA aly Kepek
[26]. BizaiH KyHeae OyJ1 ecKepijireHiMeH, ayKbIM/bl €H/[ipy Ke3iHAe MHQPAKYPbLIbIMAbI TOJBbIK,
TeKCepiCcTeH eTKi3il, Kayilci3[iK IpOTOKOJIAAapbIH CaKTay MaHbI3/bI.

Kaumebl, KyprisijireH KyMbIC HaTHXKesiepi Ka3aKCTaHHBIH, K6JliK TeXHUKAChl CaJIaCblHAAF bl
KbI3MET KepCeTy YA ePiCiH KaHFbIPTyFa 6aFbITTa/FaH MaHbI3/lbl KaZaM 6o0Jibin Tabbliaabl. [DKK-
Fa 60J1KaM/1bl TEXHUKAJIbIK KbI3MET KOpCeTYy OTaH/bIK aBTONAPKTEPAiH THIMAIIIrIH KeTepin KaHa
KOMMaH, »K0J1 KO3FaJIbICbIHbIH, KayillCi3AiriH apTThIpyFa Aa CENTIriH TUrideai (aKkayJiapAblH ajablH
asly — anaTTap/blH ajl[iblH aly JereH ce3). bys TeEXHOJIOTUSHBI TEK aBTOOYCTap/ia FaHa eMec, )KYK
KeJIIKTepiHJe, apHallbl TeXHHWKaJa >XoHe T.06. eHridy MyMmkiH. COHbIMeH KaTap, 6oJiallakTa
KazakcTtaHn yKiMeTi TacbiMajiZayllbl KOMMNAHUAJAPAbl OCbIHAAW JKyHesiepli eHrisyre
BIHTAJIAHABIPY TETIKTepiH (MbICajibl, CajbIK >XEHiJJiKTepi HeMece TPaHTTap) KapacTbIpybl
OpbIH/IbI, 6UTKEHI OYJl TYNTEN KeJreHJe eJiMi3/liH KeJiK-JIOTUCTHKA CEKTOPbIHbIH OaceKere
KabisieTTiJiriH apTThIpajbl.

3eprTtey 10 OipTuUnTi aBTOOYC HerisiHJe Kypri3ijJireHJiKTeH, HITHXKeJepJi OapJiblK
aBTONApPKTepre TOJIBIK JKaJNbliay LieKTeysi 060Jiybl MYMKiH. /lereHMeH, JepeKTep/iH YJKeH
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KeJieMi KoHe KpOocCC-Ba/lMJalLua KOJIAAHbLUIYbl aJIbIHFAH KOPbITBIHABLIAPAbIH, I1IKI CeHIMAIIriH
apTThlpaZpbl. bosialmiaKTa apTypJii MapKaJ/bl XKoHe 9pTYpJli auAalaHy peXUMiHJeri KeJiKTepal
KOCY 2KaJlllblJlay MYMKIH/AITIH KEHEeUTe .

O/IiCTiH KOJIAAHBLIY LIEKTepi:

YchlHBUIFAH 6OO0OJ/DKaMZbl TEeXHUKaJbIK KbI3SMET KepceTy IKyileci Keseci mnaijanaHy
HmapTTapblHAA THIM/I en 6aFaiaH/bl:

- Temnepatypa auanaszonsbl: —35°C ... +40°C

- KosfrasnTKpill )KyKTeMeci: HOMUHaI KyaTTbiH 40-85%

- lebopmanus/AMHAMUKABIK PEXKUM: KaJla/bIK )KoHe Ka/laapasblK LUKJIep

- OTbIH TYpi: Au3ensb, Euro-4 xxoHe TeMeH

- CeHcop »)aHapTy »xwuiiri: 21 I'n

- Akay 60J1kaM TOpU30HTHI: 60 MUHYT

Ochl 1HIEKTEP/IEH ThIC XKaFAalaa Mo/Jlesb/li KalTa KaJiubpJiey YChbIHbLIA/bI.

KOpBITBIHABI.

3epTTey HOTHXKeCiHJe IIUTeH >XaHy KO3FaJTKbILITAPbIH XOHJAEYAIH TUIMAIITIH apTThIpy
YIIiH MallMHAJbIK OKBITY TEeXHOJIOTHsICbIHA Heri3jiesireH 060/nKaMJbl TeXHUKaJbIK KbI3MeT
KepceTy o9JiCiHIH apThIKWbLIbIKTapbl KasakKcTaHHbIH HaKThl >XafJalJapblHAa pacTasjibl.
YCbIHBLJIFAH XyHe KO3FaJTKbIIThIH, KYHiH y3/1iKCi3 MOHHUTOPHUHT Kacarl, aKkayJsap/ibl 6acTankKbl
CaTbICBIH/IA AaHBIKTAY apKbLJIbI:

Ko3FanTKbIIITap/AblH, CEHIM/i KYMBICBIH KaMTaMachli3 eTTi, KyTnereH Oy3bLayjap CaHbIH
e/1dyip KbICKApTThI (TYphIN Kay YakbIThl ~30% a3zaiijbl).

KbI3MeT KepceTy WbIFbIHAAPbIH TOMEHAETTi (KbLIJbIK LIBIFbIH ~15% yHeMaeni) »xoHe ipi
YKOHJleyapasblK Mep3iM/epAi y3apTThl, OCblIal1la TEXHWKA NapKi pecypchblH TUIM/I naljananyfa
KOJI )KeTKi3/11.

OTbIH IIBIFbIHBIH K9HE 3USH/bI IIbIFAPbIHAbLIAP/bl a3aUTThI (OThIH YHEMI ~2% >KaKcaphbll,
CO, PM cusIKTbl 3MuccUsap TOMeHJe/i), Oy 3KOJOTUSJBIK K9HEe 3KOHOMMKAJbIK TYPFbIAa
TUIMJi eKeHJirH KepCeTTi.

KpI3MeT KepceTy YpAICiHIH )K0CHapJbIIBIFbIH apTTBIPABI — XKOH/ ey )KYMbICTaphI XKe/ieJl eMec,
BIHFaWJIbl YaKbITTA XKYPTi3iJIil, KeJliK »KYMbICBIHBIH, TOKTAIl KaJybl MUHUMaJ1Jbl leHrenre »eTTi.

ATanfaH HaTHXKeJlep KOJIiK TeXHUKAChIH Nal/JalaHy WbIFbIHAAPbIH a3alTy KoHe NalJalaHy
CEeHIMAIJITiH apTThIPY MaceJieJiepiH Lelyae 60/KaM/bl KbISMET KOpCeTY/iH NepCleKTUBTIJIIriH
alKplH fgonengenai. 3eptrey KapafaHzbl KasacblHbIH aBTOOycTap IMapki HerisiHje
)KYprisi/ireHiMeH, ajJblHFaH TYKbIpbIMJap KaszakcTaHHBIH 6ackKa Ja eHipJiepiHJeri kxoHe TypJi
KeJik TypJiepiHzeri (PKyk MalllMHaJapbl, apHailbl TEXHHUKA) IIITeH »KaHy KO3FaJTKbIIITapblHA
KOJIJaHbLIa aJlafibl el KyTiayze.

Bys KyMbICTa TEOpPUSJIBIK KoHe TaXKipubesiK HaTHXKesepAi YLITACThIpy apKbLIbl KeJliK
TEeXHUKAChbl CaJlaCblHJAaFbl ©3€eKTI MaceJieHiH LienliMiHe yJyieC KOCbUIABLL AJIZIaFbl YaKbITTa
KO3Fa/ITKbIIITap/AbIH LU PJIBIK €Ti3iH xKacay, MoJieJibJlep/ii HAKTblIay »KoHe ayKbIM/Abl OH/iPiCTiK
CbIHAKTap ©TKi3y apKbl/bl 3epTTeyAi *KaJFacTbIpy xKocnapsaaHyaa. CoHan-aK, OTaHAbIK »KOFaphl
OKY OpbIH/JIapbIH/a K6JIiK MHXKeHepJiepi MeH MeXaHUKTepiHe apHaJIFaH OKy 6afjapJ/iaMasiapblHa
OCBbIH/]al 3aMaHayH TeXHUKaJIbIK KbI3MET KyKeJIepiH eHri3y TaKbIpbIITapblH KOCY MaHbI3/bl.

KopbiTa aTKaH/a, IIUTEH KaHy KO3FaJTKbILITAPBIH XXOH/eYAiH TUIMAUIrIH apTThIpy TeK
3KOHOMMKAJIBIK Maija aKesin KokWMal, Ka3akKCTaHHBIH KeJIIK KYHMECiHIH TYpaKTbLIbIFbl MEH
3KOJIOTUSJIBIK TYPAKTBLIBIFBIH KaKcapTyFa MyMKIiH/JiK 6epe/ii. BomkaM/ibl TEXHUKaABIK KbI3MET
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KepceTyre Kelly — KeJIiIK TeXHUKaCbl MeH TeXHOJIOTUsAIaphl CalaCblHAAFbl MHHOBALUAJBIK KaZlaM,
0J1 aJllaFbl YaKbITTa KeJIiK Kypa/JapblHbIH, KOJLKETIM/IIIrI MeH KayilCi3ZiriH »kaHa JeHreure
KeTepMeK. EHrisiireH »xaHaumbUIABIKTAp HOTHXKECIHAE KoOJIIK KacimopblHAApbl 6acekere
KabiJIeTT/IIriH apTThIPHIIN, eNiMi3/[iH UHAYCTPUAIbIK-UHHOBALMSJIBIK JaMy CTpaTerusicblHa cal
03bIK LIeliMAepAi NpakKTUKaJa )Ky3ere acbipa ajajbl.

Anfpic alTy. Myazesiep KaKThIFbICBI. ABTOpPJIap OChI FbIJIBIMU MaKa/laZia KeJTipiJireH 3epTTey
HOTHXKeJIepiHe, TalJlayblHa )KoHe KOPbIThIH/bIJIapblHA bIKIAJ €TeTiH KaHAal Jja 6ip Kap»KbLIbIK,
HeMece aKaJleMUSJIbIK My esiep KaKThIFbIChIHBIH XKOK €KeHiH MaJiMael/i. 3epTTey 6apbICbiH/A
aJiblHFaH O6apJblK JlepeKTep MeH TYKbIpbIMJAp FbUIBIMU OOBEKTUBTINIIK MeH aJaljblK,
KaryuJaTTapblHa Heri3/ieJreH.

ABTOpJ/IapAbIH KOCKAH YJIeCi.

H.K. bl6paii 3epTTey/iH TYXblpbIMJaMacblH 93ipJiel, MallWHAJIbIK OKbITYFa HeTi3/e/reH
MO/JieJIb/Jli KaJIbINITAaCThIPYFa XKeTeKIUIJIIK eTTi, 3KCIIEPUMEHTTIK JepeKTepAi Tanjar, MaKaJlaHbIH,
HEeri3ri MaTiHiH JalbIHAAAbI.

M.C. OBYapoB 3epTTey 9JicHaMacblH 33ipJelN, AUArHOCTHUKAJBIK CEHCOPJBIK XyHesepai
KOJIIaHY KoHe 3KCIIEpUMEHTTIK eJlleyJiepAi »)ocnapJay *KYMbICTApbIH XXYPri3/i, HOTHXKeJIepAiH,
WHXXeHepJIiK Heri3/ijlirin 6afasar, MaTiHAl FbIIBIMU peJlaKiisaaayFa KaTbICTHI.
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[1lITeH kaHy KO3Fa/ATKbILUITAPbIH XKOHAEY/iH TUIMAIITIH apTThIPY: MalllMHAJIBIK, OKbITY¥a HeTi3/e/reH
60JKaM/Ibl TEXHUKAJIBIK KbI3MET KOPCETY dici

H.K. bl6pai*, M.C. OB4yapos

Kapazanounckuii HayuoHaabHblll uccaedogamebCKull yHU8epcumem uMeHu akademuka
E. A. Bykemosa, Kapazanda, KazaxcmaH

IloBBIIIEHH E 3(l)(l)eKTI/IBHOCTl/I PEMOHTA ABPII‘aTeJIeﬁ BHYTPE€HHETO CrOPpAaHUA: METO
MIPOTHO3HOI'0 TEXHUYE€CKOro 06CJIY)KI/IB3HI/IH Had OCHOBE€ MAIlIMHHOTO Oﬁyqul/lH

AHHOTanma. B ycnoBusx KasaxcTaHa 3HauuTesibHash 4YacTb aBTOMOOWUJIBHOTO MapkKa
XapaKTepU3yeTCs BBbICOKOW CTeNeHbK M3HOC3, CJO0KHBIMM KJIMMATUYECKMMHU YCI0BUSIMU
3KCIUIyaTalldd U HECTAaOWJIbHbIM KayeCTBOM TOIJIMBA, YTO MPUBOJAUT K MpEXJeBPEMEHHOMY
BbIXOJly JBUraTesied U3 CTpos. ITU (GAKTOpPbl MPEAbSBJASIOT MOBbIIIEHHbIE TPEOOBAHUS K
CUCTeMe TEXHUYEeCKOTro OOCIY>KMBaHUS W PEMOHTA TPAHCHOPTHBIX cpeAcTB. TpajgulMOoHHbIE
peakTHBHble METOJbl PEMOHTA, HallpaBJIeHHble HAa YCTpaHEHHWE HEeUCHPABHOCTEW NOCJe UX
BO3HUKHOBEHHS, NPUBOJAAT K YBEJUYEHUIO NMPOCTOEB TEXHHUKHW U POCTY 3KCIJIyaTalMOHHbIX
3aTpart. B To e BpeMs MJIaHOBO-NIpeAyNpeAUTEebHOE 06CIY>KMBaHHUE He Bcerjia obecrneymuBaeT
HEeOOXOJUMbIM YpOBEHb HAZEKHOCTH, IOCKOJIbKY OCHOBBIBAeTCS MPEUMYILECTBEHHO Ha
BpeMeHHbIX UHTepBaJiax, a He Ha paKTHUUYECKOM TEXHUYECKOM COCTOSIHUM arperaTos.

B cBSI3u € 35TUM BO3pacTaeT aKTyaJlbHOCTb BHEAPEHUS METOJ0B NPOTHO3HOT'O TEXHUYECKOTO
006CY>KMBaHMsl, OCHOBAaHHbBIX Ha TEXHOJIOTUSX MAIIMHHOT'O 006y4eHHs. B cTaThe npe/icTaB/eHbl
pe3y/bTaThl 3KCIIEPUMEHTANbHBIX UCCIe0BAaHUM, IPOBeIeHHbIX B ropoje Kaparange, rge Ha
OCHOBE [IaHHBIX CEHCOpPHBIX CUCTEM MOHHUTOPUHrA NAapaMeTpOB JBUraTesjel BHYTPEHHEro
CropaHusi pa3paboTaHa MoJeJb MAalIWMHHOTO OOy4YeHHUs [iJI1 paHHEro BbIIBJIEHUA
NOTEHLMaJbHbIX OTKa30B. Pe3ysbTaThl MOKasal{, 4YTO MNpPeJJIOXKEHHBbIM MOAXOJ TIO3BOJSAET
CHHU3UTb KOJIMYECTBO BHEIJIAHOBBIX OTKAa30B, YBEJWYUTb pecypc JBUraTesied, NOBLICUTH
TOIJIMBHY!0 9KOHOMHUYHOCTb U YMEHBIIUTb YPOBEHDb BPeIHBIX BEIOPOCOB.

KiwueBbie ciaoBa: [IBC, 3dpdekTHUBHOCTH peMOHTa, [JUATHOCTUYECKHE CpeJCTBa,
TexXHH4YecKoe 00CIyKMBaHUe, TEXHOJIOTUYecKas KapTa

N.K. Ybray*, M.S. Ovcharov

Karaganda national research university named after academician E. A. Buketov, Karaganda,
Kazakhstan

Enhancing the Efficiency of Internal Combustion Engine Repair: A Machine Learning-
Based Predictive Maintenance Approach

Abstract. In Kazakhstan, a large part of the vehicle fleet is characterized by a high degree of
wear, harsh climatic conditions, and unstable fuel quality, which leads to premature engine
failures. Traditional reactive repair methods, aimed at eliminating failures only after they occur,
lead to longer downtime and higher operating costs. Preventive maintenance does not always
ensure the required reliability because it relies mainly on fixed time intervals rather than the actual
technical condition of engine components. Therefore, the implementation of predictive
maintenance methods based on machine learning technologies is becoming increasingly important
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in modern transport engineering. This study presents the results of experimental research
conducted in Karaganda, where a machine learning model was developed using sensor data from
internal combustion engines to detect potential failures at an early stage. The results show that the
proposed approach reduces unplanned failures, extends engine service life, improves fuel
efficiency, and decreases harmful emissions.

Keywords: internal combustion engine, repair efficiency, diagnostic tools, maintenance,
technological map, precision machining, continuous improvement.
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Angartna. bys )KyMbICTa IIITEH aHY KO3FaJITKbILIBIHBIH LbIFApbIHABLIAPDI
ras/lapblHbIH YbITThUIBIFbIH YJbTPaAbIObICTBIK TOJKbIHAAP MEH UHPPAKbI3bLJI
JlazepJliK CayJieJleHy KeMeriMeH TeMeHJeTyre apHaJifaH 3KCIepUMEeHTTIK
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ra3bl CO,, oTTeri O;) xxoHe ra3 TeMIlepaTypachl eJillieH/li. AJIbIHFaH HOTHXeJlep
yAbTPaZblObIC TeH Ja3ep/iH KeKejed TypAe OpPTYpJi KOMIIOHEHTTepre
CeJIEKTUBTI 9cep eTeTiHIH KepCeTTi: yJAbTPaJbIObICTBIK 9Cep KOFaphl
arHasbIMAapAa CO MeJsepiH 6aKbliay peXXUMiMeH canbiCTbipFaHaa 60%-Fa
JleiiH TemeHjeTce, JasepJyik coaysaeneHy CH koHueHTpauusicelH 35-40%
apaJibIFblH/la a3aUTThl. YJIbTPa/JbIObICTHIK, KoHe Ja3epJiik acep/i OipikTipin
KOJIJaHy  3UAHJbl  3aTTapAblH  KOHUEHTPAUUACBIH KelleHJI Typae
TeMeHeTyre MyMkiHAik 6epai (CH »xoHe CO MeuuepiHiH colikeciHiie 38%
koHe 43%-Fa JeliH a3awbl), COHbIMEH KaTap UIbIFapbiHAbLIapAaFbl O,
KypaMbIHbIH, ToeMeH/eyi xkaHe CO, yJieciHiH apTybl 0alKaajbl, OYJ >KaHY
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Kipicne

Kasanelk arsiomepauusilap MeH MarucTpajbJblK, OaFbITTap[a aBTOK6JIK aFbIHBIHbBIH, 6CYi
aTMocdepasblK ayaHbIH canacblHa Tikesjel acep eTexi. [lITeH *KaHy KO3FaJTKbIIITAPbIHbIH
IIbIFAapbIH/blIAapbl KYypaMblHAaFbl KeMipTeK TOTbIFbI (CO) >xoHe )kaHOal Ka/iFaH KeMipcyTeKTep
(CH) ayaza ¢oTOXMMHUAIBIK, TYMaHHbIH, TYy3iJlyiH KYLIENTInN, afaM JieHcayJIblFbIHA KAyillTi 601611
TabbL1abl. KaTThl GesnexkTep MeH Kyde (PM) ThIHBIC asy »KOJJapbIHbIH TepeH OesiM/epiHe
OTill, CO3bLIMaJIbl KaObIHY MpOLeCcTepiH TybIHAATYbl MyMKiH. OcbiFaH 6ailslaHbicThbl Euro xaHe
e3re Jle 5KOJIOTUSAJBIK HOpMaJap/blH KaTarobl J9CTYpJi GedTapanTaHABIPFbILI KyHeJepiHiH
TUIMAINIrIH  apTThIpyAbl HeMece oJiapAbl KaHAa (QU3UKaIbIK-TeXHUKAIbIK TICi1JepMeH
TOJIBIKTBIPY/ bl Tasan eTexi [1].

Kasipri TexHuKaJja KaTaJUTHUKaJblK OedTapanTaHAbIpFbILITAp, KyWhe  cy3rijaep,
peLUpPKyYJISaLUs KyHesiepi jkKoHe TEpPMUSAJBIK KYHJIpriliTep KeH KoJAaHbLIaZbl. Anaijaa OyJ
menriMaep KypAesi, KbIMOAT *KoHe TeXHUKaJbIK KbI3MET KepCeTy/i Tajan eTeji, ajJ Keubip
afFJaija (KbICKa KallbIKTBIKTAFbl »KYpiC, TOMEH TeMIepaTypa, OTbIH CalacCbliHbIH, aybITKYbl)
TUiMAiIIrT TeMeHaeyi MyMmKiH. CoHAbIKTaH O6eJsiceHAI ¢QU3UKAIBIK dcepJiepre HerizjesreH
dJlicTepre KbI3bIFYLIBLIbIK apThil Kesaezi [2].

YAbTpaAbIObICTBIK 9Cep ras3-aFblH ilIiHJEe aKyCTUKaJbIK KbICbIM TI'paJJUeHTTEpPiH KoHe
pafuauUsAIbIK KYLWITEPAi KalblITacTblpaAbl. bys kymtep gucnepcTik 6esiektepAi 6ip-6ipine
»KaKbIH/AThlI, aKyCTHUKAJbIK arJioMepalusaHbl )KejesJeTe/i, al ipiieHreH 6e/eKTepiH TYHYbl
HeMece YCTalblll Kalybl KeHingeizi. Erep opTaza buIFan KoHe MHUKpoOTaMllblLiap 60Jica,
KaBUTALUAJIBIK KyOblIbICTAp Maijila 60JbII, KbICKA YaKbIT illliH/Je >KOFapbl TeMIepaTypa MeH
KbICbIMFAa HMe MHUKpoaWMaKTap Tysijeli; MyHAa pajukaazap mnajga 6osbin, CO xoHe
KeMipcyTeKTep/iH TOTbIFy peaklusJapbl Kylleri bIKTUMaa. UHPpaKbI3bla J1azep cayJiesieHyi
Kyle OeJilIeKTepiMeH »KaKChl KYThLIabl )KoHe 0JIap/blH 60eTKi TeMIlepaTypacblH KeTepei, 6y
O0eTKi TOTBIFY peaKLUsJIapblH, KeMipCyTeKTepAiH blJblpayblH KdHEe (POTOTEPMUSJIBIK ocepAi
KywenTe/i. ColiKeciHlle, yJbTPaJblObIC NeH Ja3epAiH OipikkeH acepi apTypJii MeXaHU3M/JEpP
apKbL/IbI LIBIFAPbIHABLIAPABI KellleH/ i TOMeHJeTyre 6aFbITTaafaH [3, 4].

OcCBbI ’KYMBICTBIH, epeKILeiri — yabTpaAblObICThIK, CAy/eeHAiprill neH nHPpaKbI3bLI Ja3ep
JUOATApblH JAbIOBIC OLIIPTill KOpNyCblHA WHTerpanuvsaan, 6ipAed KO3FaJTKbILI KoHe eJIlley
apTTapblH/a TOPT PEKUM/Li CaJIBICTBIPY apKblJbl Ta3asay THIM/IJIITIH caHAbIK 6aFasay. Herisri
Hazap CH, CO, CO: »xoHe Oz CHUSKTBI KeOpCETKIlITepre ayAapblLiAbl, 6WTKeHi oJiap XaHy
TOJIBIKTBIFbIH, TOKCUKOJIOTHAJIBIK, KayilliH XKoHe XyHheJieri TOTbIFY-TOTbIKCbI3ZJaHy NpoLecTepiH
TYCiHAipyre MyMKiH/JiK Oepefi.

3epTTeyAiH MaKcaThl, MiHAeTTepi )KoHe FbIJIBIMU KaHaJ/IbIFbl

3epTTeyAiH MakcaTbl - OeH3WH/JAI KO3FaJATKbILITBHIH LIbIFAPbIHABLIAD Tra3japblHa
YJAbTPaAblObICTBIK, JIa3epJliK )KoHe OipiKTipiJireH yabTpaAblObICThIK-/1a3€epJliK d9CePAiH, bIKIaAbIH
3KCIlepUMeHT Ky3iHAe Oarasian, CO mMeH CH koHueHTpauusiiapblH TOMEHJAETY MYMKIiHAIriH
fasenpey. [unoresa OoWMBbIHIIA, JAbIOBIC eWIpriml imKi KybICBIHAA YJAbTPAJAbIObIC TeH
MHOPaKbI3bll J1a3ep oCepiHeH aKyCTUKaJbIK arjoMepanusi, KaBUTALUAJBbIK TOTBIFY,
boToaucconmanysa xoHe GOTOTEePMUSABIK OesICeHAipy »KYpill, TOKCUKAJIbIK KOMIIOHEHTTEP/IH
MeJIlepi TOMeHIeUII.

MiHzeTTep peTiH/e KeJieci :KyMbICTap OpbIHAAJ/AbL. YIbTPa/bIObIC K9HE JIazep MOAYyJibJepi
6ap Taxipubesik AbIOBIC OLIIPTilll KYypPacThIPbIIA/bI XK9He KOJIiK HIbIFApy KyheciHe KOChLIAbI. Y1
aiiHanbiM pexxuMinze (850, 1400, 3000 aitH/MUH) TepT acep pexkuMi (acepci3 6akbliay, TEK
yAbTPa/bIObIC, TEK Ja3ep, OipikTipiireH acep) G0MbIHILIA ra3 KYpaMbIHbIH, 6JlIeM/EpPi albIH/bl.
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Ouileysiep KauTaslaHblIl, OpTalla MOH/ED KoHe BapUalUs KepCceTKilTepi ecenTessi, COHAAN-aK
6aKplJlayMeH CaJlbICThIpFaH/aFbl CaJlblCThIpMasbl TOMeHeY (TUiIMAIIIK) aHbIKTa1bl.

JKyMBICTBIH,  FBUIBIMM  >KaHaJIblFbl  OipHelle  acnekTifeH  Typagbl. bipiHwigen,
YAbTPaAbIObICTBIK COyJeJeHAIprill neH WHQPaAKbI3bLI Jla3ep AUMOATApbIH 6ip /AblObIC e1iprim
KOpHycblHa OipiKTipeTiH KOHCTPYKLMAJBIK LIelliM ycblHbIABL EKiHWgeH, Gipaed esuey
dJlicTeMeciMeH TePT peXUM/Ji KaTap CajJbICThIpaTbIH TaXipUbOesiK JepeKTep aJbIHABIL.
YiiHuiieH, HOTHXKeJiep KOMIOHEHTTEP GOMbIHIIA CEJIEKTUBTI acep/ii KoHe K0oFapbl alHa/IbIM 1
6ipikTipisireH acep/iH KeleH/i TUIMAiNIriH KepceTTi. [[paKkTHKaNbIK MaHbI3/|bLIbIFbl OeCceH/i
«aKbLIJbI» AbIObIC OIIIPTIIITI JaMbITY/A )KOHE KaTaJIUTUKA/IbIK MaTepraajap/Abl aijanaHoai-
aK LUbIFapbIH/blIap/bl TEMEH/ETY/AiH 6a/1aMalibl )K0JIbIH Heri3geye kepiHeai [5, 6].

JdJicHama

JKCIepUMEHT KYPri3y 6apbIChbIHAA WIbIFAThIH ra3apAbly, ke3i peTiHje Volkswagen Golf III
1.8 (ADZ) wuHXeKTOpJibl OeH3WHJi KO3FaJTKbIIIbI NalJalaHbLIbl. KaTaluTUKaNbIK
OedTapanTaH/JbIPFbIII  bIKNAJbIH  OOJiABIpMAy  VIIiH  ToXipube  Ke3iHJle  IITATTHIK,
6edTapanTaHAbIPFbILI aXblpaTbliAbl. OTbIH peTiHAge AW-92 mapkasbl 3TUJJleHOereH 6eH3UH
Koaganbiabl (MECT 32513-2013). Op6ip eJiney LHUKJAI aJAblHAA KO3FAJTKBII >KYMbIC
TeMIlepaTypacblHa JeHliH KbI3/bIPbLI/bl, CAJKbIHAATKbIII CYHBIKTBIKTbIH TeMnepatypackl 90 °C
JleHrelinge ycrtaazabl. Bys Tocis CyblK icke KOCY Ke3eHiH/eri »KaHy/lblH TYPaKCbI3/bIFbIH KoHE
eJilIeyJIep/iiH, aybITKyblH a3alTajibl. JKCIEPUMEHTTIK TMOPUATI KOHJABIPFBIHBIH, cysa6acbl 1-
CypeTTe KOpCeTIJIreH.
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1-cypeT. IKCIIepUMEeHTTIK TMOPUATI KOHABIPFBIHBIH, CY/10a/bIK AUarpaMMachl.
1 — IbIFaTbIH ras3fapAblH, Kipic KeaTeKyOblpbl; 2 — ¢oToaucconManus auMarel; 3 —
BUIFAJIIbIJIBIK, JaTYUT; 4 — s1a3epJiik AuoATap; 5 — JasepAi 6acKkapy MoAyJii; 6 — TeMneparypa
Jlatuuri; 7 — KyHle OeJsilleKTepiHiH Koaryasiuus aWMarbl; 8 — >KaHOAUTBIH OeJleKTePAiH,
KOaryJdanysa auMarbl; 9 — KylWe »KWHaly aiMarbl; 10 — ra3 cblHaMachlH ajly HYKTeJsiepi m1 )KoHe
m: (aFbIHHBIH, XOFap¥Fel OeJiirinze); 11 — acep eTyuw KywTepJiH KO3FajablC OaFbIThl; 12 —

IIBIFAThIH ra3/lap/blH UIbIFY KeJTeKYObIpbl; 13 — 3KCIIepUMEHTTIK TMOPUATI KOHABIPFbIHbBIH,
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Kopnychl; 14 — yabTpabIObICTHIK CayJIe IbIFAPFbIL; 15 — yabTPaAbIObICTHIK FeHepaTop.

KypaMmaacThlpbl/IFaH KOH/JABIPFbIHBIH, HETi3ri 3/ieMeHTi peTiHAe Ty3y aFbIHAbI  JbIObIC
ewiprim Kosaganbuiael. Kopnyc y3eiHgbirel 1000 MM, auametpi 110 MM, Kipic X9He HIBIFbIC
KyObIpJIapbIHbIH, UaMeTpi 32 MM. AbIOBIC 6IIIpTill imiHAe yAbTPaAblObICTBIK, Cay/IeeH/iprill
OOMJIBIK TOJIKbIH TY/JbIpaTbIHAANW OpHaNACThIPbUIAbLL. Byl KOHQuUrypauusi ra3 afFblHbIHBIH
O60MBbIMEH KbICBIM MyJbCallUsJIapblH TapaTyfa »oHe aKyCTUKaJbIK arjoMepanusl aWMafFblH
KaJIbIITaCThIpyFa MyMKiHAiK Oepeni. Kylie GeJsiekTepiH »KMHayFa apHaJiFaH ajJblHOa/Ibl Haya
KapacTbIPbLIAbL; TOXKipube 6apbICbIHAA YIbTPaAbIObICTBIK peXHMM/e HayaJia TyHOa naia 601y bl
OarKaabl.

Jlazep Moy yill UHPPAKbI3bLI JUOATAH Typaabl. luoaTap AbIObIC ellipriminiiHe ras kesemi
apKblibl cayJie eTeTiHAel 6aFgapJianFad. 810 HM JMana3oHbl Kyie 6eJieKTepi YUiH )KYThII1Ybl
KOFapbl allMaKKa >XaTa/bl, COHJABIKTAaH (OTOTEPMHUSJIBIK ocep Kyllewi bIKTUMaJ. Jlazep
auoaTtapbl Arduino HerisiHgeri KOHTpoJulepMeH 6GacKapbuibill, 12 B TypakTbl TOK Ke3iHeH
KOpeKTeHAipiiAi. YAbTpaablObICThIK reHepaTop 40 k1 xkuinikTe xyMbIc icTei. KOHbIPFbIHBIH
MOAYJBAIK  KypbUIbIMBI  [apaMeTpJiepZAi  e3repTyre >koHe KOCBbIMIIA  CEHCOpJapAbl
MHTerpanusJjayra MyMKiHJiK 6epeji.

Kayincisziik TypfbiCblHaH Ja3ep CayJiIeCiHiH ChIpTKA IIbIFYbIH 60JABIPMAalTbIH KOPFaHBIC
memiMepi KapacThIpbLI/bI, al YJAbTPaAbIObICTBIK MOJYJ/Ib KOFaphbl TEMIIepaTypasibl alMaKTaH
OKLlIayJIaHbIIl OPHATbUIABL. Bys Tanantap Toxipube 6apbIChbIH/a TYPAKThI )XYMBbIC iCTEyTe KoHe
eJillIeyJiep/liH, KAl TaJlaHFbILIThIFbIHA 9cep eTeai. 2KyMbic pexxumepi petinae 850 aitH/MuH (60c
Kypic), 1400 aiiH/MuH (illiHapa )KYKTeMe, KaJalbIK pexxumMre xakpiH), 3000 aiiH/MUH (3kOFapbl
ailHaJ/IbIM) TaHAaJJbl. OpOip alHa/ibIMJA TOPT dcep PeXUMi opblHAAAAbL BipiHii pexumpe
KOHZBIPFBLIAP 6l1lipijin, 6akbuiay eJimeMi anblHAbl. EKiHIII pexumje yJabTPaAblObICTBIK
reHepaTop Kocbuibll, 40 KI'L )UisiKTe TYpaKThl pexKUM/Je *KyMbIC icTei. YIIiHIII pexxuMze yu
MHOPPaAKbI3bll JUOATHI Jiazep KOCbUIAbL;, 9p JasepfiH KyaTbl 10 MBT, TOJIKbIH Y3bIH/BIFBI
mamaMeH 810 HM, 6ackapy Arduino KoHTpoJijiepi apKblibl OpbIHAANAbLL. TepTiHIII pexxumpe
yJAbTPaZblObIC TIeH J1a3ep 6ip Me3TijiJie KOChLIbIIN, OipiKTipisireH acep 6epinji. Ocep pexxumaepi
apacblH/Ja KYHMeHi TypaKTaHJbIpy >KoHe UIbIFApy TPAKTBIHBIH, KeJJeTiayi YIIiH KbICKa y3iJjic
»Kacabl.

['a3 KypaMbIH eJilley YILIiH TOPT KOMIOHEHTTI ra3oaHaan3aTtop KoJsgaHbeuigbl, oa CH (ppm,
CH4 sxBuBasnenti), CO (%), COz (%) xoHe Oz (%) kepcerkimTepin Tipkenai. Temneparypa
TEepMOJATYUKIIEH 6JIIeH/i, CaJbICThIpMa/bl bUIFAIJBUIBIK TEPMOTUIPOMETP  apKblLbl
6aKblIaHAbL. OpOip peXUM YUIiH eJilleysjep KeMiHJe 06ec peT KauTaJjaHbll, opTalla MaHAep
ecentenzi (n=5). CTaTUCTUKaJBIK 6HJey Ke3iHJe opTalmla MoH X, CTaHZAPTTHIK aybITKY S,
Bapuauusa kosdduuueHTi v xoHe 95% ceHiMAiINIK MHTepBasAapbl KoJAaHbLAbl. Taszanay
TUIMAJIT] 17 6aKbLIayFa KaTbICThI CaJbICTbIpMaJibl TOMEH/ey apKblibl aHbIKTaAAbI (1):

n=(_(Co-C1)/Cox100% (1)
MYH/aFbl, Cp - 6aKblIayJaFbl KOHIleHTpaLus, C1 - acep Ke3iHzeri KOHIleHTpaLusl.

HaTuxesiep MeH TajKbLI1ay

Ouey HoTUKesiepi 1-KecTeZe >KMHAKTaJIFaH oHe 2-cypeTTe KepceTiireH. Kecrege yi
aillHanbIM koHe TepT acep pexumi 6ovbiHma CH, CO, COz 02 ras TeMmnepaTrypachbl XoHe
BUIF/IJbLJIBIKTBIH, OpTalla MaHzepi 6epinreH. bakbliay pexxuMiHze aiHaibIM ockeH caliblH CO
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»koHe CH »annbl TeHeHL A GOMbIHIIA apTaZbl, OYJ1 )KaHy TOJIbIKTBIFbIHbIH, TOMEH/leyiMeH KoHe

KOCIaHbIH O6albITbUIYbIMEH TYCiHAIpineni. Ocep pexuMAepiHZe KepceTKiluTepAiH e3repyi

KOMIIOHEHTTIH TabUFaTbIHA K9HE dCep MEXaHU3MiHiH 6aChIMAbIFbIHA OAUIAHBICThI OOJIbI.
HoaTuxenepiy rpadukanblk KepiHici 3-7-cypeTTep/ie KeJaTipiJireH.

2-cypet. "UHppakap M-1.01" aBTOMOOUJIb 4-KOMIIOHEHTTIi ra3 aHAJIM3aTOPbIHbIH,
KepceTKilTepi
Temenne HoTHKesiepZi  KOMIIOHEHTTep OOMBIHLIA KeKe  TaJKplial, bIKTUMaJ
MeXaHUu3M/JlepMeH OalaHbICThipaMbl3. COHbIMEH KaTap, aJiblHFaH CaHAapAbl NPaKTHUKAaJbIK,
TYpPFbIJJaH UHTepIpeTanyaaay YiliH caJblCTbIpMaJ/ibl TOMEH/ey NanbI3apbl KeJTipiiesi.

1-KecTe. OpTyp1i acep pexxUM/iepiH/ieri lbIFApbIHAbLIAP ra3/japblHbIH KypaMbl

KeseH aP;}:ZTHH CH (ppm) |CO (%) |CO2 (%) | 02 (%) ’(I;E;Ba ?j/:; A
ocepcis 850 124 2,48 9,56 5,87 37 39
YabTpaabiobic 850 110 2,39 9,56 6,17 37 39
Jlazep 850 134 2,24 9,95 5,61 44 39
BipikTipinren 850 110 2,39 9,73 6,07 44 39
ocepcis 1400 176 2,74 9,85 5,2 49 39
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YabTpablobIC 1400 152 2,62 9,97 5,21 49 39
Jlazep 1400 152 2,58 10,1 5,03 52 39
BipikTipinren 1400 152 2,62 9,97 5,21 52 39
dcepcis 3000 184 3,83 8,09 8,07 60 39
YabTpablobIC 3000 98 1,5 9,5 5,68 60 39
Jlazep 3000 120 2,24 9,95 11,94 60 39
BipikTipisrex 3000 114 2,18 10,92 2,6 60 39

CH xepceTkillli >kxaHy/1blH, TOJIbIK EMECTITiH XoHe LIbIFapy XYyieciHe TyCKeH *kaHOal KaJiFaH
KeMipcyTekTep/iH MeJuiepiH cunattaipl. bakbuiayga CH 850 aliH/MuH ke3iHzge 124 ppm
6osbin, 1400 aiiH/MUH Ke3iHge 176 ppm xaHe 3000 ailH/MUH Ke3iHzae 184 ppm 60461 850
ailH/MUH Ke3iHJe yJabTpaAblobICThIK acep CH-Tbl 110 ppm fgeitin TeMeHaeTin, mamamMeH 11%

TeMeHJiey Oepai.

Bysl  yJAbTPajAbIObICTBIH, aFbIH/bI

MHKpOﬂeHFeﬁﬂe dpaJIaCTbIPpybl K9HE

pafvKaJbIK TOTBIFY/bl KYLIEWTYi apKblJbl TYCIHZIPIIYI MYMKIiH.

KosFanTkelw aiHany xuinirive Tayenai CH KoHUEHTpaumsChl
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3-cypert. CH KOHLleHTpaLMACbIHbIH 63repyi
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Jlazep acepi 850 aiiH/MuH ke3iHze CH-Tbl 134 ppm pelin ecipzi. Bys Kyobuibic aybip
KeMipcyTeKTepJiH KbICKa YakKbIT illiHAe ¢parMeHTalMsAdaHbll, rasoaHanu3atopfa CHg
9KBUBAJIEHTI peTiHJe TipKeJieTiH >XeHiJ ¢pakuusanapblH apTyblMeH 6ailJlaHbICTbl 00JybI
bIKTHUMaJl. bipikTipinren pexxumze 850 aitn/MuH ke3inge CH Kaiitagan 110 ppm geHreiine TycTi,
SIFHU OYJ1 peXXxuM/ie YIbTPablObICThIH dcepi 6acbiM 60/1/bI.

[TeH »aHy KO3FaATKbIbIHBIH, 1400 aiiH/MUH Ke3iHJe yJbTPaAbIObIC, Jia3ep >KoHe
6ipikTipinren pexxumepaiy 6apsbirbiHga CH 152 ppm fenreiiine remenpesi. bys mamamen 14%
)KaKcapy »KoHe KaJslaJIblK PeXUMre >KaKblH alHaJbIM/Jld TEXHOJIOTUSHBIH TYPaKTbl acep eTe
asaTbIHbIH KepceTeai. 3000 aiiH/MuH ke3infe yazep CH-Tol 120 ppm aeiin Temenzetin, 35%
TeMeHJey OepAi, an OipikTipisireH pexxuMm 114 ppm pgeilin TeMmenfetin, 38% mamacbiHja
HOTHXKere XKeTKi3/li. By xkepie s1azep/iiH cesieKTUBTI acepi allKbIH KepiHei, an ylbTpablObiCIiEH
6ipre KoJ1jaHy afblH illiHAeri MaccaJMacyibl KylenTin, $oToTepMUSIbIK XXoHe GOTOXUMHUSIJIBIK,
9Cep/iH «KeseM/liK» TUIMAIIIriH apTThIpFaH 60J1ybl BIKTUMaJ.

Ko3fFanTKeIW aiHany xuinirive Tayenai CO KOHUEHTpaUUACH
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Ko3fFanTKblL afiHany xuiniri, aiH/MuH

4-cypeT. CO KOHLeHTPAL XS CbIHbIH, 63Tepyi

CO keMipTeKTiH TOJIBIK »KaHOAYbIHbIH, HEri3ri MHAUKATOpJapbIHbIH 0ipi 60/1bIN Tabbli1a/bl
»KoHe TOKCUKOJIOTUSJIBIK TYPFbIZaH aca MaHbI3bl. 850 ailH/MUH Ke3iHJe 6akbuiayza CO 2,48%
60J1Ca, yAbTPabIObIC dcepiHae 2,39% neliiH TeMeHen, wiaMmaMeH 4% »xakcapy 6epai. Jlazep acepi
CO-HbI 2,24% neliiH TeMeHaeTil, 60C XypicTe Jia3ep/iiH, bIKIAJ/IbI CaJbICTbIpMaJbl TYp/ie »KOFapbl
ekeHiH kepceTTi. 1400 aitH/Mun ke3dinge CO 2,74%-pan 2,58-2,62% apasnbiFblHa TYCTi, Oy
peXUM/Ie eKi acep/iiH bIKIaJbI lIaMaJibl eKeHiH OalKaTa/lbl.
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ExH kywrti acep 3000 aitH/MuH KesiHze 6alikangbl. bakbiiayga CO 3,83% 6osabl, an
yAbTpaAbiobic acepinae 1,50% peitin TemeHjen, mamMamMmeH 61% TeMeHaey Tipkeaai. MyHzaai
alKplH e3repic yabTpaAblObICTHIK 6picTiH CO TOTBbIFYybIH HWHTeHCUUKaALUANAy odJeyeTiH
KepceTe/i. MyMKiH MexaHU3M/iep PeTiH/le aF bIHHBIH TYpOy/IeHTTeHYI, lieKapaJblK KabaTTap/blH,
Oy3bLIybl, OTTEKIIEH apaJsiacy/blH Kylleli dHe YJbTPaJblObICTbIH, KbICHIM MyJbCalusiiaphbl
HOTUIKECIHJe peaKLus >KbLIJaM/bIFbIHBIH apTybl KapacTbipbliagbl. Jlazep 3000 aitH/MuUH
ke3inge CO-Hbl 2,24% pelliH TeMmeHzeTin, mwamaMmeH 42% TeMeHnfey 6epai. BipikTipisren
pexxumze CO 2,18% 6onab1, aFHU 43% TeMeHAey. Bys1 MoH ybTpa/iblObICThIH KeKe pexXUMiH/eri
eH TeMeH MOHHEH >KOFaphl, ajaii/ia OipiKTipiJireH pexXMMHiH apThIKWbLIbIFbl CO-MeH KaTap CH-
Thl Ja eAdyip TeMeHJeTyiMeH aHbIKTa/naAbl. COHABIKTAH MNpPaKTHUKAJBbIK KOJIJaHyJa eKi
KOMIIOHEHTTI Oipre TeMeHJEeTy MaHbI3[lbl OOJIFAaH KafFAaWja OipikTipinreH pexum TuUiMAai
KOMIIPOMHUCC peTiHAe KapacTeIpbllybl MYMKiH. COZ »xaHyZblH TOJIBIK 6HIMJEpiHiH YyJeciH
kepceTe/ii *>koHe CO MeH CH ToThIFybl KylieireH xaraanga CO2 ecezi. 850 >xone 1400 aitH/MuH
ke3inge CO2 e3repici marbiH 60J/bl: yJAbTPAJbIObIC Ke3iHAe MaHJAep HeridiHeH OGakbliayfa
»KaKbIH, j1a3ep ke3inge CO2 azaan xkofapbuiaabl. 3000 aiiH/MuH Ke3iHzae 6akbliayga CO2 8,09%
60JblM, yJabTpajblObicieH 9,50% koHe JsazepmeH 9,95% JeHreiliHe JelliH KeTepiaji.
BipikTipinren pexxumge CO2 10,92% paeitin ecTi, 6y )KOFapbl allHAJIbIM/A KaHY MPOLIECTEPiHIH
KYLUIEeNTreHiH KoHe KOMIPpTEeKTIK KOMIIOHEHTTEP/IH TOJIbIK TOTbIFYFa aybICKaHbIH KOPCETe/|.

Ko3fanTkblWw alHany xuinirine Tayenai COz yneci

1109 o Scepcis

YnbTpaabiboic
=& Jlazepnep
+ @ YneTpapwibeic + nasepnep

et
e ®
et
et

10.5 4

%

9.54

CO2,

9.0

8.5

8.0 1

850 1400 3000
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5-cypeT. CO2 KOHLeHTpaI1sI CbIHbIH, 63repyi

02 yJsieciHiH e3repici *kaHy MeH KeWiHTi TOTBIFY/AbIH epeKlleairin kepceteni. 850 aiiH/MUH
ke3inge 0z 5,87%-paH yabTpagbiobicta 6,17% peitin KeTepinzi, Oy aFblH KYPbLIbIMbIHbBIH
e3repyi HeMece KaHy TYpaKTbUIBIFBIHBIH, a3jal aybITKybl MYMKiH ekeHiH MeH3eufi. 1400
allH/MUH Ke3iHze allbipMalibliblK 6Te a3 3000 aiiH/MUH Ke3iHJe Jia3ep acepiHae 02 11,94%
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JleliH ecyi 6alKaJi/ibl; MYHbI KOFaphl ailHAJIbIM/Ia JIa3eP/liH )kaHaMa dCcepiHeH KOCMaHbIH KYpaMbl
e3repyiMeH HeMece OTTEKTIiH TOJIbIK Malla/laHbl/IMal LWBIFYbl apKbLIbI TYCIHAIpyTe 60/1a/bl.

Ko3FanTKbilW alHany xuinirive Tayenai Oz yneci
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6-cypeT. Oz KOHLIEHTPALUACBIHbIH, 63repyi
Bipiktipinren pexumae 0 2,60% ngeiin TemeHzaeni, 6yan  oTTekTiH CO xoHe
KOMIpPCYTEKTep/iH >KaHyblHAa HEFYpJIbIM TOJIbIK JKYMCaJFaHblH KepceTeai. HoTuxesnep
KUBIHTBIFbl OipiKTipiiIreH acep/e TOTBIFYy peaKIUAJAPbIHbIH, Ka/lbl KAapKbIHAbLIbIFbI
apTaTbIHbIH KepceTe/,.

Ko3FanTkell anHany XwiniriHe Tayenai raz TemnepaTypacsl
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7-cypeT. IKCIePUMEHTTIK TMOpUATI KOHABIPFbIHBIH, illliHAEr] TeMIepaTypaHblH e3repici
MEH KO3FaJITKbIIITBIH alHaJLy )KUIJIITiHIH Tayeaiairi

['a3 TeMnepaTypachkl KO3Fa/ITKbILI alHa/IbIMbl apTKaH carblH 37 °C-taH 60 °C-Ka geuiH ocrTi,
OyJ1 >kbLTy GOJIiHYiHIH apTybIMeH 6alJIaHbICTbL. YJIbTPaAbIOBICTHIK 9Cep TeMIlepaTypara aluKblH
pIKNas etnei. Jlazep acepinge 850 xone 1400 aitH/MuH Ke3iHJe TeMnepaTypa 44-52 °C geitin
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KkeTepinzi. bys kepceTkim  AbIObIC eLIIpriliTiH KeJsieMi OOWbIHIIA OpTalla TeMIepaTypa
O60JFaH/bIKTaH, Jiadep cayJsieci GOWBbIHAAFbl JIOKAJNb/Jbl alMaKTapZa OeJilleKTep/iH KbI3ybl
dJ/IieKaiia KoFapbl 60JIybl bIKTUMaJ; [19J1 OChbl JIOKAJbJbl KbI3y OETKi TOTBIFY/lbl KYLIEHUTETIH
dakTopsnapablH 6ipi peTiHZe KapacTbipbuiafbl. CaslbICThIpMalibl bUIFAIJbUIBIK 0OapJbIK,
pexumzepae mamamed 39% paeHreiiHae cakTasijbl, Oy TaXipube WAPTTAPBIHbIH, TYPAKThI
O0JIFAaHbIH KepceTe/li >KOHe KaBUTALUMSJIbIK 9CepAi calbICThIpMalibl TypJle OipJielt opTaja
O6afasiayra MYMKIiH/iK 6epeni.

CTaTUCTUKAJBIK Ta/lay KoHe TUIMAIIIK KepceTKiTepi

Ouieysiep GipHellle peT KalTajlaHFaHJbIKTAH, HOTHIKeJEepAiH TYPaKThbUIbIFbl BapHalus
k03¢ duLMeHTI apKplibl 6aFanaHAbl. [a3 KOMIOHEeHTTepi OOMbIHIIA Baphauus Ko3dPULUEeHTi
anetrte 4-8% apanbiFbiHAa 60Jibl, Oy AajajblK CTEHJ >KaFJalbIHAAFbl eJilleysep YUIiH
KabblijayFa 6oJiaThlH AeHrei. TemmnepaTypa OoMbIHIIA Ianibipay 1% mamacbiHAa 60JABL.
Tuimpainik kepceTkilTepi 6aKbliayFa KaTbICThI CaJbICTbIpMaJibl TOMEH/IEY PeTiH/ie ecenTe/.

Mpeicanbl, 3000 aitH/MuH Kesinge CO yuiH yabTpaAbIObICTHIK pexxumaeri TuimMainik n_CO =
(3,83 - 1,50) / 3,83 x 100% =~ 60,8% xypaaspl. Con pexumze sasep ywid n_CO = 41,5%, an
6ipikTipinren pexxum yuiid n_CO = 43,1%. CH 6o#ibiHma 3000 aitH/MuH Ke3iHze na3ep n_CH = (184
- 120) / 184 x 100% =~ 34,8%, an Gipikripisiren pexxuMm n_CH = 38,0% 6Gosabl. By ecentep
nasepaiy, CH 6GoiibiHING, an yabTpaAbiobicTbiH, CO OGoMbIHIIA 6achbIM €KeHiH CaHJbIK TYp/Ae
pacTanpbl.

KaxkeT 6osiraH xafrgaiga 95% ceHimMzinik uHTepBaigapbl CTbIOJEHT y/ecTipiMi apKbLibl
ecenTeJsZii )KoHe Heri3ri albIpMalllbIBIKTAp 6JIley KaTeJiKTepiHeH >K0Fapbl AeHreilie eKeHiH
kepceTTi. COHbIMEH KaTap, allHa/JIbIM MeH KOHIeHTpalusjap apacbiHAaFbl GalJsaHbICTApP/bl
cananblK Oaranay ywiH IIMpcoH Koppendauuscbl KOJAAHbUIYbl MYMKiH; 6akpuiayza CO
allHa/bIMMeH Oipre eceTiH TeHJEHLUS KepceTCe, YyJAbTPaZbIObICTBIK peXUMJe >KOFaphl
ariHasbIMAa CO TeMeHz ey OaFbIThIH KOPCETTI, OYJ1 9Cep/iiH peXKUM/iIK CUNIAaThIH AdJienaeni [7].

Tazanay MexaHu3M/epiHiH GU3UKaIbIK HHTEepIpeTaLUsCh

Hotwxkenepai  TyciHZipy yWiH acep  MexaHHU3MJepi KOMIIOHEHTTep  OOMbIHILIA
KapacTbIpbLIJbL. Y IbTPaAbIObICTBIK 6piC KATThI O6JIIIEeKTepre aKyCTUKAJbIK paJualyaiblK Kyl
TYCipin, oJ1apAbIH CaJbICThIPpMasbl KbUIJAAM/ABIFBIH apTThIpaAbl; OyJ arjioMepayusara aKese/i.
IpineHreH OeJsilleKTep TyHOafFa OHAW TyceZi >XOHe aFbIHHbIH ONTHUKAJbIK TbIFbI3/bIFbIH
TeMeHJeTesi. CoHbIMeH Oipre y/JbTpaZbIObIC LIeKapasblK KabaTTapAbl Oy3bll, MaccaaMacyAbl
KyllenTeni; 6y ra3 ¢asaceiHgarbl CO TOTBIFY peakLUsJIapblHbIH KbLIJAAM/JBIFbIH apTThIPYbI
pIKTUMaJ. KaBUTalMAIbIK 9cep bUIFaa 6ap opTaza pajgvKaaapAblH Naija 600yblH KyLIeUTin,
TOTBIFY Ti30€KTi peakLiusJIapblH XKaHJaHAbIPabl.

Wubpakbi3bln Jla3zep cayJesieHyi HerisiHeH Kyde OeJilieKTepi apKblibl KYTbUIBIII,
boToTepMUSIBIK KbI3AbIPYAbl TyblHAaTaAbl. Kbi3raH Gesiektep 6eTiHZe CO TOTBIFYBI KoHE
KeMipCyTeKTep/iH blAbIpaybl Kypyi MyMkiH. PoTojuccouuanus MexXaHHU3Mi HHQPpPaKbI3bLI
aliMakTa TikeJsiel 6ippOTOHABIK bIAblpayAiaH repi KeNPOTOH/BIK KYThLIY )KoHE TEPMUSJIBIK dCep
apKbLIbl icke acybl bIKTHUMaJs. [las ocbl cebenTeH Jiadep acepi KeMipcyTeKTepre KaTbICThbI
CeJIEKTHUBTI KepiHe/i koHe »KoFapbl alHa/biMAa CH allKbIH TOMeHAe 1.

BipikTipisiren pexxum/ie yabTpablObIC aFbIH/bI apaacThIPbII, JIA3€P IHEPTUACBIHbIH, K6JIEM
O60MbIHIIA TapaJlyblH XXaKcapTajbl Jel nanbiMJayfa 6osabl. bys CH GoliblHILIAa CUHEPTUSJIBIK,
HoTWXKeMeH yisieceni. CO OoWbIHIIA CUHEPryus apJalblM OalKajiMmaybl MyMKiH, eWTKeHi CO
TOTBIFYbl OTTEK MeJIllepiHe, TeMIepaTypaFa »XoHe apaslacy yakbITbiHa ce3iMTas. KoHAbIpFbI
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napaMeTpJiepiH OHTaW/JaHblpy apKblibl (YAbTPaJblObIC KyaThl, C3yJie X0JIbl Y3bIH/bIFbI, JIa3ep
JuoATapbIHbIH opHasacybl) CO xxoHe CH yiuiH 6ip Me3risize xkoFapbl TUIM/iTIKKe KeTyre 60/1a/bl.

YCbIHBUIFAH OJiCTiH, MaHbI3/lbl apTBIKWbLIBIFBl - KaTaJu3aTopJapbl, afCcopOeHTTepAl
HeMece Kyp/iesi peareHTTepAi najjasnan6ai, pusrKablK epicTep apKblibl Ta3asay acepiHe KoJi
KeTKi3y MYMKIiHZAIr. Bysl 3KOHOMUKaBIK XoHe 3KOJIOTUAJBIK TYPFbIJaH TApPTBIM/AbI, acipece
TeXHUKaJIbIK KbI3MeT KepcCeTyi KWBIH »KaffaujapZa HeMece ayblp TexHUMKaza. /[lereHMmeH
ToXipubesnik gepekTtep O6ip FaHa KO3FaJTKbIl MoJeJi MeH IleKTey/i mapaMeTpJep
KUBIHTBIFbIH/IQ a/IbIHFAHBIH aTall 6TKeH XOH. COHABIKTAaH KOPBITBIHABLIAPABI KeH, ayKbIM/ bl
NapKKe TapaTy YLIiH KOCbIMILIA CbIHAKTAP KaXKeT.

lllekTeynepaiy 6ipi - NOx »x9He KaTTbl OGesekTtep (PM) O6o#blHIIA KeHeEUTiJIreH
eJIlIeyJIep/iiH, OYJ KYMbICTA TOJIbIK KaMTbliMaybl. Keseci 3eptTeysnepae NOx aHa/iu3aTOpPbIH,
OeJILIEKTEP CaHbIH OJIIENTIH KypalJjap/Abl )koHe TYTiHAIK KepceTKilTepai 6ip yakbITTa TipKer,
KellleH/li 9KOJIOTUSJIBIK acep/i 6aFasiay ycbIHbLIaAbl. COHbIMEH KaTap, 3HEPrys TYThIHY MaceJseci
Jle MaHbI3/1bl. YIbTPa/blObICTBIK T'eHepaTOp MEH Jia3ep AUOJTapbIHbIH KyaThl CaJbICTblpMaJibl
TYp/Zie TeMeH OOJIFaHbIMEH, HAaKThl K6JIiKTe Y3/iKCi3 KOoJJaHy Ke3iHJe 3JIeKTp)Kyhere TYCeTiH
KYKTeMe, )KbLIYJIbIK pEeXUM KoHe y3aK Mep3iM/Ai CeHIMAIIIK ecenTesyl Kepek.

Kosiman6anbl TYpFblJaH TEXHOJIOTUSIHbI «aKbLIJbI» peXUM/e 6acKapy MepcleKTUBaJbI:
KO3Fa/ITKbIII alHAJIbIMbIHA, )KYKTEMECiIHe KoHe ra3 KypaMblHa Kapai yJbTpaZbIObIC MTeH Jlazep /i
»Keke HeMece OipiKTipil KOCy apKpLibl THIMJiJMIKTI apTThIpyFa 60Js1aZbl. MbIcasbl, *KOFapbl
aHasbiMZa CO TeMeHIeTy YIiH yJbTPaAbIObIC 6aChbIM peXHUM/E, a1 KOMipcyTeKTep KebelreHje
Jlaszep HeMece OipikTipiireH pexum icke Kocbliybl MYMKiH. MyHJall 6ackKapy cTpaTerusichbl
3HeprUusiHbl YHEM/ET, TYPAKThl IKOJIOTUSJIBIK dcep bepeai.

[IpirapeIHAbLIApALl  TOMEHZAETYAIH  KeH  TapaJfaH ToCull peTiHZe  YIDKOJAKTHI
KaTaJIUTUKaJbIK OedTapantaHgbipFbiiiTap CO MeH keMipcyTektepai CO: xoHe H20 pgeiltin
TOTbIFyFa, aJl NOx-Thl a30TKa JeWiH TOTBIKCbI3ZlaHyFa OafFbITTaljbl. Bysn »xylesnep TuUiMAl
O60JIFaHBIMEH, acbll MeTaJlapFa TayeJJi, »KYMbIC TeMIepaTypacblHa ce3iMTa/l KoHe OTbIH
KOCHACbIHBIH, CTEXMOMETPUAChIHA KaTaH TaJjal KoAjbl. COHbIMEH Oipre TeXHUKaJsbIK KbI3MeT
KepcCeTy, callacbl3 OTBIH KdHe KbICKA >XKYpiC peXuMmJepi KaTaJlu3aTOpAblH yJaHyblHa HeMmece
TOJIBIK KbI30ayblHA 9KeJiill, HAaKThl THIMAJNIKTI TeMmeHJeTei. Cos cebenTi KaTaJuM3aTOPChI3
HeMece KaTaJlu3aTOpAbl TOJBIKTBIPATbIH OeJsiceHJi (U3UKaJIBIK dJicTepre KbI3bIFYIIbUIBIK,
CaKTaslajbl.

KaTThel 6eaiekTepai ycran Kaayga kye cysrisiep (DPF) keH Kosiganbiazbl, 6ipak osapaa
Kapchbl KbICBIM 6ce[li, pereHepalusi KQKeTTiJirl Tya/Zbl )KoHe NaWJajaHy WbIFbIHAAPHI apTajbl.
dusuKablK epicTepre Heri3/ieareH aflicTepAiH 6ip apThIKIIbIIBIFbI aFbIH KYPbLJIBIMBIH 63T€PTY
apKblIbl  OeJilIeKTepAi ipieHAipy KoHe TYHABIPY MYMKIHZIri 60Jbln  TaObLIabI.
YAbTpaZbIOBICTBIK, arjioMepalusi Typajbl >KYMbICTapJa bUIFAIJbUIBIKTBIH peJii, OeJilek
eJIlIeM/IEPiHiH Tapa/ybl )KoHE aKyCTUKaJIbIK 6PiCTiH MHTEHCUBTJIIr Heri3ri ¢akTopsiap peTiHae
KapacTbelpbuiaZbl. bBi3AiH  3KcnepuMeHTTe  bUIFQJJAbLIBIK — TYPaKTbl  YCTAJFaH/bIKTaH,
yAbTpaAblobicThlH, CO Oo#bIHIIA aWKbIH acepi eH aJJbIMeH apajiacy MeH TOTBIFY/bIH,
KeJesJleyiMeH 0al/IaHbICTBIPbUIZBI, al OeJillieKTep/iH HaKThl eJillleMJliK e3repiciH Oaranay
6oJs1alIaKTa XKeKe MiHJIeT peTiH/e KapacThlpblia/bl [8, 9].

Jlazepuiik »9He Ma3MaJiblK, TEXHOJIOTUSJIAP TYPFbICbIHAH UIbIFAPbIHABLIAPAbLI OHAEYAiH 0ip
6aFbIThI peTiHJe 6eldTapan eMec 1J1a3Ma, CayJieJlIeHyMeH OeJiceHAipy xaHe GOTOKaTaTUTUKAJIBIK,
KabaTTap apKbLibl TOTBIFY peaKLUsJapblH KYIIEHTy KapacTblpbLiabl. /lereHMeH MyHJal
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KyWeJsiep 9JleTTe KypJAeJi, dHeprusi TYTbIHYbl KOFapbl HEMecCe KOFapbl KepHey TaJall eTefi.
MubpakbI3bll AUOATHI Ja3epsepAiH apThIKIIbLIbIFbI OJapAblH bIKIIAMAbLIBIFb], 6ACKapbLIYbl
KOHe Kayillci3 KyaT JeHreiiHfze >kymbic ictell anybl. Ocbl 3epTTeye Jsasepfid, CH 6oiibiHIIA
CeJIEKTUBTI acepi OGalKasbill, UHPPAKbI3bLI alMakKTa (GOTOTEPMUSJIBIK KoHE KONPOTOH/bIK,
acepJiepiH bIKTUMaJIJbIFb] )KaHaMa TypJe KepceTiaal.

KopHBITBIHABI

KyprisisireH 3KCIepMMEeHTTIK 3epTTey IITeH >XaHy KO3Fa/ITKbILIBIHBIH LIbIFAPBIHAbLIAD
rasZlapblHblH, ybITTBLIBIFbIH TOMEHJETY/E YJIbTPaJblObICTHIK >XoHe HH(PaKbI3bLI Jia3epJiik
acepJiepAi xekKe oHe GipiKTipin KoJaHyAblH TUIMAJIIrH KepceTTi. JlbIobIC ewiprii KopnycbiHa
MHTerpalnusJaHfaH KypaMJacTbIpbUIFAaH KOHJBIPFbl OipAiel KO3Fa/lITKbILI JKoHe eJuley
IapTTapblHAA 9pTYpai (uU3MKaNbIK ocepsep/iH bIKIaJblH CaHABIK TYpJe CaJbICThIpyFa
MYMKIHJiK 6epAi.

HoTuxenep yabTpajblObICTBIK dCepAiH, acipece >xofapbl alHa/abIM pexuMiHzge (3000
aiiH/MuH), keMipTeK TOTbIFbIHbIH, (CO) KOHIeHTpaLUsCblH allKbIH TOMEH/eTeTiHiH Ja/enseni:
CO meuepi 6aKpliayMeH cajlbICTbIpFaH/a mwaMaMeH 60-61% aszaibl. Bys yabTpaiblObICTbIH
aFblH/Abl TYpOyJeHTTeHAipyi, MaccajMacyAbl KYIIEHTyi >KoHe TOTBIFy peaKlusJapblH
MHTeHcupuKauusaaybiMeH TyciHaipineni. UHpakpI3bL1 sa3epiiik caysiesieHy »kaHb6all KajiFaH
keMipcytektepre (CH) KaTbICTbl CeJIEKTUBTI 9dcep KepceTin, ofapbl ailHanbiMZa CH
KOHIeHTpauuscbiH 35%-Fa JieiliH TeMeH/eTTi, 6y/1 pOTOTEPMUSIBIK KbI3/IbIPY KoHE
KeMipcyTeKTep/iH blJblpay MeXaHHW3M/JepiMeH OalIaHbICThI.

YAbTpaAbIObICTBIK >K9He Ja3lepJik oacepsephi O6ipikTipin KoJsjaHy WbIFapbIH/bLIAPbI
KellleHAi Typ/Jie ToeMeHJeTyre MyMKiHzik 6epai: 3000 aitH/MuH ke3inge CH mamamen 38%, an CO
mamameH 43% aszaigbl. ConbiMeH Katap, CO, yJeciHiH apTybl )koHe O, KOHLeHTpPAlUSAChIHbIH,
TOMEH/eyi KaHy >XKoHe KeWiHTl TOTBIFy NMpPOLEeCTEPiHiH, KYLIeHUreHiH, IFHU >XaHy eHiM/JepiHiH
HEFYpJIbIM TOJIbIK 6HJeNreHiH KepceTTi. bys 6GipikTipinreH pexxumzae apTypJii GUIHUKAJBIK,
MexaHU3M/lepAiH (aKyCTUKaJbIK arjioMepanus, KaBUTALUSIbIK TOTbIFY, POTOTEPMHUSJIBIK KIHE
bOTOXUMUSABIK dcepJiep) GipiH-6ipi TONBIKTBIPbIIN, CHHEPTHSIJIBIK HOTHXKe OepeTiHiH pacTaibl.

3epTTeyAiH FbUIBIMU >KaHAJbIFbl YJbTPAAbIOBICTHIK CIyJeJIeHAIprill neH WHQPpaKbI3bLI
Jlazep AMOATApbIH Oip AbIOBIC eLIiprill KophnycblHa OipiKTipeTiH KOHCTPYKLMSJBIK HIeliM/Ii
YCbIHyJla K9He TepT oCep pexHUMiH OipAed aJjicTeMeMeH CaJbICThIPAaThbIH 3KCIIEPUMEHTTIK
JepekTepal anyza KepiHic TanThl. [IpakTUKanblK TYpFbIJAH aJIblHFAaH  HITHXKeJep
KaTaJMTUKAJIbIK  MaTepuajapAbl KoJIlaHOan-aK,  (QU3UKaJbIK  epicTep  apKplLibl
HIbIFApbIH/bLIAPAbI TOMEHAETY/IiH OasaMasibl KoHe NepCleKTHUBabl OaFbIThIH KepceTes,.

Myazaesiep KaKThIFbICHI
ABToOpJIap OChl 3epTTeyre KAaThICTHI elIKaHAal MyAJesiep KaKThIFbIChIHBIH, XKOK eKeHiH
MaJIiM eI

ABTOpJIapABbIH, KOCKAH YJieci

M.C. UcabaeB - Ko/nKka3b6a MITiHIH a3y, 3epTTey ajicTeMeciH 93ipJiey, 3KCIEPUMEHTTIK
3epTTeYAiH AU3alHbIH 93ipJiey, 9KCIIEpUMEHTTIK JlepeKTepAl Ta/l1ay KoHe xKyuesey.

B.K. CapceM6eKoOB - Ko/1:ka36a MaTiHiH a3y, 3epTTey 9iCTEMECIH 93ipJiey, 9KCIepUMEHTTIK
3epTTeYAiH AU3alHbIH d3ipJiey.

H.B. ’KapkeHOB - 9/1e0U epeKTep/i Ta/Jay KoHe KUHaKTay.
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A.T. YM6eT:KaHOBa - rpadUKa/blK MaTepHualjapMeH KYMBIC.
E.K. CapceM6eKOB - Ko/ka36a MaTiHiH a3y, KOPbITbIHAbLIAPAbI TYKbIPbIM/IAY.
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3KCHepl/IMEHTaJIbHOE HCC/IeJ0BaHH e OYHUCTKH BbIXJIONMHbIX ra30B 6€H3MHOBBIX
ABUraTesien npu KOM6HHHpOBaHHOM BO3JelCTBUH YJAbTPA3BYKA U JIA3€PHOTO0 U3JTYICHUA

AHHOTauma. B JaHHOM paboTe MNpeACcTaBJeHO 3KCIEPUMEHTAJIbHOE UCCae[0BaHUE,
HalnpaBJeHHOE Ha CHM)XEHHEe TOKCUYHOCTHU BBIXJIONHBIX Ta30B JABUraTesjed BHYTPEHHEro
CrOpaHUs C UCMOJIb30BAHHUEM YJIbTPA3BYKOBbIX BOJH U MHPPAKPACHOTO JIa3€PHOTO U3Jy4eHHUSs.
Pa3paboTaHa M wucCObITaHA OpPUTHMHA/JIbHAs KOMOWHHUPOBAHHAs YCTAHOBKA, 00beJUHsIOLIAs
yJAbTPAa3BYKOBOM H3jy4yaTesJb W HUHOpaKpacHbId Ja3ep, pasMelléHHble B Koplyce
aBTOMOOUJIBHOTO TJyIIUTeNs.B pexxrume 6e3 B03JeUCTBUs, YJbTPa3BYKOBOTO BO3/eHCTBHS,
JIa3epHOI0 BO3/IEMCTBUS U UX KOMOMHUPOBAaHHOM NPUMEHEHHHU ObLJIM U3MepeHbl KOHLIEHTpaLuU
OCHOBHbIX KOMIIOHEHTOB BBIXJIONHBIX Ta30B (Hecropesiuue yriaeBogopoasl CH, okcug yrieposaa
CO, nuokcup yraepoga CO,, kuciopop 03), a TakkKe TeMIepaTypa ra3a npu paborte ABUraTeJss Ha
X0JIOCTOM XOJy U TMpU TNOBbILIEHHbIX 060poTax.[lo OT/JeNbHOCTH JaHHble BO3JeHCTBUSA
OKa3bIBAlOT CeJIeKTUBHOE BJIUSIHME HA pa3/IMuHble KOMIIOHEHTBI: YJbTPa3BYK CHUKaeT
koHUeHTpanuiw CO go 60% no cpaBHEHHWIO C KOHTPOJIbHBIM DPEXHUMOM IPU MOBBILIEHHBIX
000poTax, Jia3epHoe H3JydeHUue yMeHbllaeT KoHleHTpanuioo CH Ha 35-40 %.CoBMecTHOe
NprvMeHeHHe o00ecrneyrBaeT KOMILJIEKCHOEe CHHXKeHUEe KOHIEHTpPAlUMKd BpeJHbIX BellecTB
(ymenbwienne CH u CO cootBercTtBeHHO 0 38 % u 43 %). OgHOBpeMeHHO HabJ0[aeTcs
cHWKeHUe coZiepkaHust O, v yBesnueHue 014 CO,, 4TO CBU/IETE/NbCTBYET 0 60s1ee 3P PeKTHBHOM
CrOpPaHUHU TOIJIMBA U yAep>KaHUU MPOAYKTOB peakiuu.IlosiydeHHble pe3yabTaThl MOATBEPXKAAIT
NEePCNeKTUBHOCTb KOMILJIEKCHOIO NMPUMEHEHUsl YJbTPAa3ByKa MU MHPPAKPACHBIX JIA3epPOB AJis
OUYMCTKHU BBIXJIOMHbBIX ra30B.
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Experimental Study of Exhaust Gas Purification from a Gasoline Engine under
Combined Ultrasonic and Laser Radiation Effects

Abstract. This paper presents an experimental study aimed at reducing the toxicity of internal
combustion engine exhaust gases using ultrasonic waves and infrared laser radiation. An original
combined device integrating an ultrasonic emitter and an infrared laser into the housing of an
automobile muffler was developed and tested. Under no-treatment conditions, as well as under
ultrasonic, laser, and combined exposure, the concentrations of the main exhaust gas components,
including unburned hydrocarbons (CH), carbon monoxide (CO), carbon dioxide (CO,), and oxygen
(03), together with gas temperature, were measured at engine idle and at increased engine speeds.
The results showed that ultrasound and laser radiation exert selective effects on different exhaust
components. At higher engine speeds, ultrasonic treatment reduced CO concentration by up to
60% compared with the control mode, whereas laser radiation decreased CH concentration by 35-
40%. Their combined application provided a complex reduction in harmful emissions, with CH and
CO decreasing by 38% and 43%, respectively. The findings confirm the potential of the integrated
use of ultrasound and infrared lasers for exhaust gas purification.

Keywords: Exhaust gas cleaning, ultrasonic cleaning, infrared laser, acoustic coagulation,
photodissociation, toxic emissions
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TyblHZaTaAbl. Kep Kasy MallWHaJapbIHbIH ©3€eKTUIIr KOJ, KeJiiK, Cy
H1apyallbLIbIFb]l, TUAPOTEXHUKAJBIK, ©HEPKACINTIK, a3aMaTThIK »9He aybll
lapyaulblIbIFBl  O0O'bEKTIJIEpiH casyFa OaW/IaHBICTBI JPTYpJii cajajapna
KeHiHeH KoJiaHyFa Heri3zenred. Ocbl MaKcaTTa »ep Ka3y MallUHaJapbIHbIH,
YKYMbIC OpraHZilapblH MOPQOJIOTUSJIBIK, Talay KoHe OJapAblH KO3FasbIChbIH
MaTeMaTUKaJbIK MoJesbley o9JicTepi YChIHBUIABL 3epTTey OapbIChIHAA
TONBIPAKThl Oy3y TociaZepi, )KyMbIC OpTachl, TacbIMaaZay dAicTepi, *KyMbIC
LU KJIb] )KoHe 0a3a/iblK MalllMHaFa i1y TypJiepi 60MbIHIIA XKIKTeJiM »Kypri3iin,
)KYMBIC OpraHJapblHbIH, TUIIOTETUKAJIBIK KYpbLIbIMAAPbIHbIH KOITYpPJIiJiri
aHbIKTaAAbl. MopdosiorusblK afaul HerisiHzge 484 MyMKiH >KyMbIC OpraHbl
HYCKACbl aJblHAbL. Op TypJi opTa KafFJaWblHAA >XYMbIC OpraHAaphbl
KO3FaJIbICBIHbIH, TOpPT MaTeMaTUKaJblK O0JIOTbl 93ipJieHin, Kecy MeH
TacbIMaJslZlayFa Kapchbl KeJepri Kylrepi eckepinzgi. 2Kacasran Mozenbzep xep
Ka3y YpAiCiHiH 3Heprus WbIFbIHAAPBIH a3aMTyFa, Oepijic Kyl MeH alHady
KMIJIITiH OHTaWJIaH/bIPYFa, COHJAM-aK MalllMHa/apblH, MEHIUIKTi 3Heprus
CbIMBIM/IbIJIBIFbIH TOMEH/IETYTe MYMKIH/IK 6epe/ii. AJTbIHFaH HoTHXKeJlep KO0J1-
KYPbL/IbIC TEXHUKACBIH K00a/1ay MeH XeTi/ipy/ie IpaKTUKa/IbIK MaHbI3fa He.
Ty#iH ce3aep: xxep Ka3y MalllMHaJIaphbl, })KYMbIC OpraH/iaphbl, TONBIPAKThI Kecy,
0pTa, KeJiepri Kylurep, MaTeMaTUKaJIbIK MOJIeJIb, )KYMBbIC PEXUMI.
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Kipicne

KasakcTaHa KypbLIbICTBIH laMybl 3aMaHayd MHOPaAKYPbLIbIMAbI KYpPYyZa XoHe eMip cypy
canachblH aKcapTy/Zia CTpaTerusablK peJ aTKapazbl. by casa »KaHa »KyMbIC OPbIHZ@pbIH KYpPbIIl
KaHa KOMMaM, COHbIMEH KaTap XaJIbIKThl TYPFbIH YMMeH KaMTaMachI3 eTe/li, Kajla/blK, OPTaHbl
kalsbl eteni. CoHbIMEH KaTap, OesiceHAi YKIMETTIK cascaTTblH, »K9HE J>XeKe KYpPbLIbIC
caJyliblIapAblH KaTbICYybIHbIH apKACbIH/1a KblJI CAMbIH MUJIJIMOH/AFaH Waplibl METP TYPFbIH YH,
MEKTEeNTepP, aypyxaHa/iap >KoHe dJIeyMeTTiK HbICaHZap caJibiHaAbl. KypbLibic canackl 6esceHi
JlaMblll  KeJiefii — TYPFbIH YWJIep, OHAIPICTIK HbICAHAAp, KOJIK KoHe MHXKEeHepJIiK
MHPpaKypbLIbIMAap KemTel caiablHyga. 2025 xKbLIFbl KaHTap-TaMbl3a KasakcTaHja KypblibIC
KyYMbICTapbiHbIH, KesieMi 18,1% -fra ecin, 4,8 TpaH TeHreAeH acThbl. KaszaKCTaHHBIH pecMH
CTAaTUCTUKACBbIHA COMKEC, assKTaJIFaH *XYMbICTAp/bIH €H, YJIKEH YJIECi KeJiecire TUeCisIi: aBTOXO0JI,
TEMIPXKOJI KoHe MeTpPO KypblIbIChl — 23,9%, TYpFbIH eMeC FUMapaTTap Kypblibichl — 21,9%,
TYPFBIH YU KypblabICchl — 13,4%.

KypbLibic KesieMiHiH ecyi eajiiH 18 alimarbiH/ia 6aiiKanbl. EH yJiKeH eciM:

KocTtanaii 06.Jibickl - +40,4%, Kbi3bL1opa 06Jibickl — +37%, TypkicTaH 06JbIchl — +34,6%,

Coatyctik Kazakctan o6Jibickl - +34,2%, baTeic KasakcTtan o6Jsbickl — +33,4%, AkmoJia
o6ubichl — +32,7%, AnmaTsl (+35,6%), Actana (+33,9%) >koHe lllbiMkeHT (+18,8%) Kasanapsl.
Bysn Typanbl YJATTBIK CTAaTUCTHKA 6OHOpOChIHAA XabapJsagbl [1]. KypbLibiC KYMbICTApbIHBIH
busuKanblK KeJsieMiHiH uHAeKci 1-cypeTTe KkepcetiireH. FuMmapaTtap MeH yiiMepeTTepaiH
KYPbLIbICHI KYp/eJli TEXHOJOTHUSJIBIK YPAic 60J1bIN TabblIa/Ibl, OHbIH KypaMAac 6eJiikTepiHiH 6ipi
TONBIPAK KYMBICTAPbIH 6HJEY O0JbIN TabbL1aAbl. Bys kaF/jal »Kep »KyMbICTapbIHbIH, K6JIeMiH
apTTBIPbIN, OJIapAbl MeXaHUWKaJaHAbIPY KaKeTTuliriH kKyweuTTti. Cos cebenTi »Xep Ka3ly
MalllMHaJIApbIHbIH, MaHbI3bl epeKlle apThill OThIp. KypblIbIC KejeMiHiH apTybl MeH COHbIMEH
KaTap »KyMcaJlaTblH pecypCcTapZblH asawbl, AFHU KypbUIbICTbl KAapKbIHAATY, >KaJIlbl
TEeXHOJIOTUAJIBIK YJAEpiCTiH camacblH apTThIpy ecebiHeH, COHJaN-aK OHBIH JKeKeJiereH
olepanyvda/JapblH KeTUIAIpY apKbLIbl Aa >Ky3ere acybl MyYMKiH. 7Kep Ka3y »KyMbICcTapblHa
beriMzenreH 0OasasblK MallWMHaJapAbl caTbill ajdy oTe KbiMOaTKa Tycefi. CoHABIKTaH
3KOHOMUKAJIBIK TYPFbIZaH anfanza, KasakcraH kacinopblHapbiHAa 6ap 6a3asblK MallknHalapFa
OpHAaTbLIATBIH aclaJbl )XyMbIC OpraHZlapblH 93ipJiey OpbIH/bI LIeliM 60Jbll Tabbliagbl. by
TOCII KYpbLIbIC THUIMAIMICIH apTThIpbII KaHa KOMMaW, KanWTa/[blK cajJblMJapAbl a3auTy
ecebiHeH »kob6asiap/iblH 63iH/iK KYHbIH TOMEH eTyre MYMKIiH/iK Oepe/i.

BTHEH HbLNASIH, THICT] KezeHike nakoEzdes
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Kep Ka3y MalIMHanmapbIHbIH, XKYMbIC OpTaHjapbIHbIH MOP$ OJIOTUSI/IBIK, Ta/lAaybl >KoHe KO3FaJlbIC
JUHAMHUKACbIH MaTeMaTHUKaJIbIK MOJeJIb/IEY

Kep Ka3y kymbicTapbliHa O6ediM/ienreH 6a3asblK MallMHaAApAbl CAaThIN aly 6Te KbIMOAaTKa
Tycezi. COHABIKTAaH 3KOHOMUKAJbIK TYPFbIJ@H ajfaHza, KasakcTaH kacinopblHAapblHAA 6ap
6a3asiblK MalllMHa/lapFa OpPHATbLIATBIH acnaJjibl )KYMbIC OpPraHAApbIH 93ipJiey OpbIH/bI HIEelliM
60J/1bINl TabbLIaZbl. By Taci/l KypbLIbIC THIMJUIITIH apTThIPbIN KaHa KOWMal, KamuTaslJbIK
caJbIMJap/bl a3alTy ecebiHeH kob6aapAblH 63iH/iK KYHbIH TOMEH/eTyre MyMKIiH/iK 6epesi.

Kep kymbIcTapbl FUMapaTTap MeH yUMepeTTepi TYPFbI3YAbIH HOJJIK LUKJiHEe XaTaTblH
Heri3ri api »ayanTbl Ke3eH 60JIbII caHaIaAbl. ByJ1 )KyMbIcTap/ bl OPbIHAAY KEP Ka3y, xKep Ka3y-
TacbIMaJ/ilay MallWHaJIapbl MEH MEXaHU3M/IEPiH, COHZlaM-aK KeJIiK KypaJJapblH KelleHJi Typae
TaH/al, TUIM/i Naija/laHy KQXKeTTiriH TybIHAaTa/bl.

Kep Kasy MalIMHAcbl OCbl dAICIEH XKYPri3isieTiH KypblIbIC TEXHOJIOTHUAJBIK YAEepiCiHiH,
Herisri OybIHbI OOJIBIN TaObLIAJbl K9HE COJI YAEpPIiCTiH TeXHUKaJbIK 9pi 3KOHOMHKAJBIK
KOPCeTKIIITEPIH aWKbIHAAWUAbL. AjlaliJla KypbUIbIC >KaF[auJiapblHbIH 9P aJiyaH/bIFbIHA
6al/IaHBICThI Kel xKaFAalap/ia HaKThI TeJliMep/ie HeMece )Ko6a epeKilesikTepiHe 6elim/ienreH
»KaHa »Kep Ka3y MalllMHAChIH YKacay 3KOHOMHUKaJbIK, TYpPFblJlaH TUIM/i 60J1bII TabbLIaAbI [2].

JdjicHaMa

KypblibICTa KOJIAAHBLIAThIH MalllMHAMApAbIH, OipHeme Typi 6ap. Asaifa KypbLIbIC
»KaFJlalJIapblHbIH, ajJlyaH TYPJIiJIiri COHINAJ/BIK, KeilJle HAKThbl >KaFJalJapFa apHal >XaHa >Xep
Ka3aThIH MallIMHAHBI Kacay 9KOHOMHUKAJIbIK TYPFbIZJAH TUIMAI 60J1bIN TabbLIabl. JKep Ka3aTblH
MallMHAaHbIH, KYpbLJIBbICHl HEri3iHEH OHBIH, KYMbIC OpPraHbIHbIH, TYpiMeH aHbIKTanazbl [3].
Backaima alTKaHZa, Kep Ka3aTblH MallWMHAaHbIH KYPBLJIBbIMBIH aHbIKTAy/Aa 0acThbl peJifi XKyMbIC
opraHbl aTKapazbl — Oysa Oesrisi 6ip OyHMbIMJAp >KUBIHBIHBIH, KJacbl peTiHJAe mnapaMmeTpJep
»KyHeciMeH cunaTTaJaTblH a0CTpaKLUs 60J1bIN TaObLIa/bl.

KyMbic opraHbl mapaMeTpJiepiHiH, (cMNaTTaMalapblHbIH) XXUBIHTBIFbl OYHBIM/IbI XK06asiay
MEH JalblHAayFa KOKeTTi api KETKIJIKTI wapTTapabl 6iaaipesi. Bys mapaMmeTpJiep *KUbIHTBIFbI
KOMBLIFAH MaKCaTKa CoWKeC MYMKIH 00JIaTblH KeNTereH HYCKaJapAblH IlliHEH TaHJaJblII
asiblHaAbl. MallHaHbIH 6eriji 6ip KypbUIbIMBIH, KYPbUIBIMABIK TYPiH HEMece KJIacblH HAaKThl
6ip mapaMeTpJiep *XUbIHTbIFbI 6ipMaH/Ii TYp/€e aHbIKTAWAbI [4].

YCBIHBLIBIN OTBIPFAH dAICTIH M3HI - ep Ka3aTbIH MalllMHaJIapAbIH KYMbIC OpraHiapbIHbIH
TMIIOTETUKAJIBIK KYpbIBIMAAPbIH JUHAMUKaJBIK MOPQOJIOTUABIK Taajay ofici apKbLibl
60./Kay, »KYMBIC OpPraHbl KO3FaJIbICBIHbIH, JUHAMUKACblH MaTeMaTHUKa/blK MOJeJbJey KoHe
OHBIH IapaMeTpJiePiH aHbIKTAy 60JIbIIN TAa0bLIa/bl.

9JlicTi malaasaHa OThIPbIN, MAaKcaTKa »KeTy VIIiH KeJseci Ti30eKTiJiKTI KOJIAaHy KaXKeT:
XKIKTeJNIM/IIK OeJiriJiepiH aHbIKTAy; >XYMbIC OpraHZapblHbIH KO3FasbIC TpaeKTOPHSAJIapbIH
OpHATY; »YMbIC OpraH/apbIHbIH T'HIIOTETUKAJIbIK KYPbIJIBIMAAPbIHbIH KOIITITTH aHBIKTAY; )KYMBbIC
OpraHAapblHbIH, JKYKTEJyiH ecKepy; OHTaWJIbLIbIK KpUTEpPUEeCiH Heri3zey; KYMBICTBIH
MaTeMaTHUKaJbIK YJITICiH 93ipJiey XKoHe 3epTTey.

KikTenimaik 6esri peTiHae Keseciyiep KabblLigaH/bl:

1. TonblpakKThbl Oy3y TaCii:

- MeXaHUKaJIbIK; TUIPOMEXaHUKAJIbIK XOHE U aFbIH/BIK, [MIpOMexaHUKaJIbIK TACIJI }KYMBbIC
MYIIECiHiH KeCKillli TOMbIPpaKThIH 6EPIiKTIri 6CKeH/le KOChLIATbIH IIYMeKIeH
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»KabAbIKTaJFaH/bIFbIH Ois/iipesi [5]. AFBIHABIK TOMBIPAKThI 2KOFAPbl KbIChIM/]aFbl aF bIHMEH
6y3yabl 6ingipeni [5].

2. UHCTPpYMEHTTIH KO3Fa/IbIC TPAE€KTOPHUACHL.

3. Kpi3MeT eTy opTachl: CyibIK (ca3abl epiTiHji, cy); aya.

4. By3blIFaH TONBIPAKThl TacbIMa/lZay TocCiai: MeXaHMKaJblK (IIHEK, LIeMill, BHHT,
3J1eBaTOP); TU/PAB/IMKAIBIK (TONBIPAKThI COPFbI HEMece 3PAUPT).

5. )KyMbIC IMKJIbL: Y3AiKCi3, TO3UIMOH/bI, LUKJIABIK,

6. ’Kymbic MylieciH 6a3a/blK MalllMHa¥Fa iJ1y: KaTaH, UiJMeJi.

TonbipakTbl 6y3y Tociiaepi MOpdOJOTUAIBIK aFalliTa »KYMbIC MylleJIepiHiH Yy HYCKACbIH
6epeni.

BacThl kikTesiMik OesriciHe »KyMbIC MyLIECiHiH, KO3FaJibIC TPAaeKTOPHUACHI aTaibl. OHbI
MOpdOJIOTHAIBIK KecTere eHriscek oHZia MopdoJIOrvsJIbIK capanTaMaHbl UHAMUKAJbIK 60/1Kay
d/licIieH »kacayfa MyMKiH 60s1a/ibl.

KyKTey cunaThIHbIH OPTAKTbIIBIFbI O0WBIHIIA TPAEKTOPUAIAP YII TONKA 66siHe|.

bBipiHmi TOmKa iarepisieMesii KO3Fa/bICTAarbl TpaekTopudsap Kipexi. EkiHmi Tonka
inrepisiemeri xxoHe 6ip allHa/IMasibl KO3FaJibICKa Ue 60JIaTbIH TPaeKTOpUsiap »aTabl. YUIiHLIi
TOIIKA iJIrepizieMi kaHe eKi alHa/IMaJibl KO3Fa/IbICKa e 60J1aThIH TPAeKTOPHUsIIap XKaTa/bl.

JJieMeHTapJIbIK KO3FaJIbICTapAbIH CaHbl (EPKiHAIK Jopexesiepi) })KyMbIC OpraHbIHbIH, KeTeriH
obaslay Ke3iHJe KaKeTTi aKnapaT 60Jiblll TabbLIa/ibl. Opbip 3JieMeHTapJIbIK, KO3FaJbIC KeKe
HeMece OpTaK >XeTeK IeH OeJsiriji 6ip TpaHCMUCCHS apKbLIbI JKy3ere acblpbLIybl MYMKiH.

Kel16ip KyMbIC OpraHzapsl eKi HeMece GipHellle XXeKe 3JIeMeHTTep/eH Typazbl. MbIcasbl, eKi
MiHJI MallyMHaJap, KeNueMIillTi 3KCKaBaTopJap koHe T.0. MyHJal MalluHaaap/blH >KYMBbIC
OpraHzapsbl 3JIeMeHTTepiHIH KO3Fa/IbIC TpaeKTOpHUsJaphl KebiHe O6ip/iell HeMece CHMMETPHUAJIBI
6os1agbl. CUMMETPUSAJIBIK PEaKTUBTI MOMEHTTEp/iH ©3apa TeHrepijJiyiHe MyMKiHZIK Oepefi.
COoHABIKTaH »KYMBIC OpraHbIHBIH JKYKTeMeCiH Tajjay Ke3iHJe OHBbIH KO3FaJbIChl €Ki
CUMMeTpUsLJIbl HeMece OipHelle 6ipZell TpaeKTopuUsaap O0MbIMEH Xy3ere acybl MYMKIH eKeHiH
ecKepy Kaxer.

AnpblH asa KyprisiireH Tanzay HOTHUXKeCiHAe TpaeKTOpUAJapAblH, KejeCi TomnTapbl
aHbIKTa/1a/bl:

- OipiHIII TONmKa 3KCKaBaTOpJiap MeH JAparJanHzbl CKpelnepJepAiH KYMbIC OpraHzAaphbl
»KaTa/bl;

- eKiHWi TomKa Oypfbuiay JKoHe ¢pe3epsey MallWHajldapbl, COHAAW-aK JUCKLII
CaHbLIAYKa3FbILITAp Kipeni;

- YWIiHIII TONKa eKi 3JieMeHTapJ/ibl allHa/ly KO3FajbIChbl 6ap KypaaJapMeH a0 blKTaJfaH
MalllMHa/lap, MbIcajbl, MYHal HeMece ra3 YHFbIMaJapblH OypfbliayAa KoOJIaHbLIATHIH
HIapolKaJjap »kaTtazpbl [6].

BapJsiblK ocbl MallMHaJ/apAbl OipiKTipeTiH opTak epekliesik - oJiap/blH XKYMbIC icTey
NPUHLMII TONBIPAKThI (HEMeCe »KbIHBICThI) KECY apKbl/Ibl 0y3y NpOlieciHe Heri3/ie/IreH.

Tangay HoTHXeslepiHe cylieHe OTBIPHIN, MOPOJIOTUSJIBIK aFall Kypbliaajbl [7]. 2-cypeTTe
ObepisireH MaTpulia Heri3iHfge 6apabliFbl 28 KO3Fa/bIC TpPaeKTOPUSICBI KaMTbLJIFaH.
['vapoMexaHUKaJIbIK »KYMbIC OpraHZaphl 3/ OCbIHAAX 28 TypJii KO3FasIbIC TPAeKTOPHUAChIHA Ue
60s1a7b1. Ochbl cbi3baFa calikec, MOPOJIOTUSABIK aFalllKa aFbIH/ bl )KYMbIC OpraHZjapblHbIH 9
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Kep Ka3y MalIMHanmapbIHbIH, XKYMbIC OpTaHjapbIHbIH MOP$ OJIOTUSI/IBIK, Ta/lAaybl >KoHe KO3FaJlbIC
JUHAMHUKACbIH MaTeMaTHUKaJIbIK MOJeJIb/IEY

KO3FaJ/IbIC TPAEKTOPUACHI eHTi31Ie].

YuriHi xKiKTeniM/Iik 6eri - 3)KyMbIC OpTachl ecKepisiesii: aFbIH/ bl )K9HE TUIPOMeXaHUKaJbIK
YKYMBIC OpraH/Ziapbl TEK CYMBIK OpTaZa »KYMBbIC iCTeH ajlazpbl, aJl MEXaHUKAJIbIKTap KypFaK opTaza
YKYMBIC icTel anazabl. bys 6enrisnepai Kocy TpaekTopusaap caHblH 28-re KebenTe .

By3blIFaH TONBIPAKThI TACBIMAJIAAY TOCII ie eCKepilei: aFbIHAbI )KoHE T'MPOMeXaHUKaJBbIK,
Oy3bLJIFaH TONbIPAKTbI TEK TUAPOMOHUTOP HeMece 3pJaUT apKblibl TacbiMajajayFa 60J1a/ibl, al
MexaHUKa/bIK 0y3yaa — wmHek (1), memiw (IlIm), 6ypanga (B) HeMece asneBaTop (3) apKblLJbl.
[[lemilumneH »xaHe 6ypaH/aibl TacbiMaJilay Ke3iH/Je MallMHa [UKIIJIK pexXuM/ie KYMbIC icTei i,
aJl KaJIFaH afJaniapaa Y34,iKCi3 )KyMbIC iCTeU/|.

2-cypeT. XKyMbic opraHzapbIHbIH MOP(OJIOTUSAIBIK aFallbl
Eckepmy. 1-peHrey - TonblpaKThl Oy3y TaCiIi; 2-AeHreH - XKYMBIC icTey opTachl; 3-eHreu -
TacblMaJay ToaCili; 4-AeHrel - )KYMbIC LIMKJI; 5 - 6a3a/blK MalluHara iny; A - aFbiHABL, M -
MexaHUKa/bIK; 'M - rugpomMexanukainblk; E - epiTingi; C - cy; I'C - Tonbipak COpFbICHL; AP - 3pJaUPT;
I - mHek; b - 6ypanaa; 3 - asneBartop; I - ruapomonuTop; Y - y3aikcis; 1 - uukagik; U - ukemai; K
- KaTThl; N - KO3FaJIbIC TPAeKTOPHUAIAPbIHbIH, CaHbI.

AraliThlH, COHFBl TapMaKTapbiHZa 484 MyMKiH KYMBIC OpraHbl ajJblHFaH. Bys KyMbicTa
arblH/Abl KYMBIC OpraHzapbl KapacTbIpblJIMaFaH, COHJABIKTAH T'UAPOMEXaHUKAJIbIK KoHe
MeXaHUKaJbIK »KYMbIC OpTaHAaphl YIIiH KeJieci TajanTtap eHrisisesi:

e JKYMBIC OpTaHbIHBIH MiH/JIETTI TYp/€ KO3FaJIbIC TPAEKTOPHUSCHI OOJIYHI;
e Oip »)KyMbIC OpraHbIH/Ia €Ki CHMMeTpUsLJIbl TPAeKTOpHUS OOJIFaH KaFaiia
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peaKTUBTI MOMEHTTEepP/iH AUHAMUKAJ/IBIK TYpaKTaH/AbIPYbI YIUIH 3JIEMEHTTEpP CaHbl TeK
Y1 60JIybI THIC;

e TH/APOMEXaHUKaJbIK TONbIpAK Oy3y/Ja MeXaHUKaJbIK >XoHe IHeBMaTHUKaJbIK
TacbIMa/liay TaCIZepi MyMKiH eMec;

e MalllMHA LUKJIJIK pexuMmje KYMBIC icTerenje LIIHEK, 3J1eBaTop,
NHEBMOTPAHCIIOPTEP HEMece TMAPOTPAHCIIOPTEDP apKbLIbl TACBIMaJiay MYMKIH eMec;

e IIIHEK, 3JIeBATOp X9He ITHEBMOTPAHCIIOPTEP apKblJIbl TAaChIMaJAay ca3/bl epiTiHAl
opTacblHZA MYMKiH eMec [8].

Bys1 epekiiesikTep/liH, KOMOHWHALUATAPbIHbIH CAHbI TUIIOTETUKAJIBIK )KyMbIC OpraH/lapbIHbIH,
KOHCTPYKIMAJAPbIH CUNIATTAUTHIH 6PHEKTEP KUBIHTBIFbIHBIH, OJIIIEMIH aHBIKTaWAbl. AJIbIHFaH
KeNTereH 6pHeKTep OyJaH opi JKyMbIC OpraHjapbl KO3FaJbIChIHbIH JAuddepeHLHaN/bl
TeHJeyJiepiH Kypy yuliH 6a3a 60J1a/bl.

Kep KasaTblH MalllMHA/MApAbIH KYMbIC OpraHapbIHbIH, MaTeMaTUKaJIbIK MOJEJ/IH ecenTtey
YKOHe 93ipJiey YILiH )XyMbIC OpraH/iapbl )KYMbICbIHbIH, KO3FaJbICbIHA KeJlepTi KYIITepiH 6esriney
KaxeT. JKep KasaTblH MallWHaJIApAblH KeJepri KYLITepiH aHbIKTAy YLIH OChl KYIITEpAIH
XKikTesyl xkyprisingi. ’Kep Kasy MallMHa/IapbIHbIH )KYMBICHI Ke3iH/e )KYMbIC OprasHZiapblH/ia Kecy
»K9He TacbIMaJiJlay KylTepi maiaa 6osazbl [9].

TonbIpaKThbl Kecy )KYMBICTApbl «KypPFaK» Ka3y aJAblH/A oHe ca3/bl epiTiHAICIHIH acTbIHAA
Kyprisinezi. «kKyprak» ajjicieH 6y3bLIFaH TONbIpAK IIHEK, LIeMill HEMece 3JIeBaTOpP apKblJibl
TacbiMasiaHazbl. Ca3zabl  epiTiHAiCiHIH acThiHAa Oy3bUIFaH TONBIPAK 3pJUPT apKbLIbI
TacbIMaJaHa/bl.

KyMbIc opranzapbl )KYMbICBIHBIH, KO3FaJIbICbIHA KeJepri KYLITepiHiH YChIHBUIFAH XiKTeMeci
»KYMBICTBIH, TOPT 6Ji0rbIH Oepesi [10]:

1 - 6JI0K - KypFaK »aFJai/ia Kecyre Kapchbl TypaTbIH KYLITEp, TPAHCIIOPTEP dCEPIHCi3;

2 - 6JIOK — KypFaK »KaFJan/ia Kecyre Kapchbl TYpaThbIH KYIITep, TPAHCIIOPTEPAIH acepiMeH;

3- 6J10K - cyZa (CYHBIKTBIKTA) Kecyre Kapchl TYpPaTbIH KYLITep, TPAaHCIIOPTEP dCEPiHCi3;

4 - 6J10K - cy/ia (CYMBIKTBIKTA) Kecyre Kapchbl TYPaThIH KYIUTep, TPAaHCIIOPTEP/iH dcepiMeH.

AHanu3s HoTHxeciHZe [11] ap 6/10KKa Taye I JiJIiIKTep aHbIKTaJIFaH.

TonblpakTbl KecCyZiH KeAepri KylliH KypasaJblH Oepisici A MeH aWHa/yblHbIH, MEHIIIKTi
KeJlepri Kyl Tepi apKbl/ibl aHbIKTasaAbl. CoHJA OipiHIIi 6JI0K YIIiH KYMbICTbIH KO3FasIbIChbIHbIH
MaTeMaTUKaJIBIK, YJrici KeJieci TypAe »Ka3blia/bl:

mZ=Q — Ah )
Jé=M —BhR’
MYH/ZIaFbl M — )KYMbIC OpTraHbIHbIH Maccachl;
L - >kyMbIC OpraHbIHbIH, KO3Fa/lbIChIHBIH, CHI3BIKTHIK YAEYi;
] - aiHa/sIMaJIbl )KYMBIC MYLIeCiHeH TYbIHAAUTbIH UHEPLUAJIbI KyLITEepAiH MOMEHTI;
(b - ’KYMbIC MYILECi KO3FaJIbICBIHBIH, OYPBILITHIK Y/IEVi, (0 =0;
Q - >KyMbIC OpTaHbIHbIH 6epiJic Kyi;
h - kecisieTiH *KOHKaHbIH KaJIbIH/bIFbI;
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Kep Ka3y MalIMHanmapbIHbIH, XKYMbIC OpTaHjapbIHbIH MOP$ OJIOTUSI/IBIK, Ta/lAaybl >KoHe KO3FaJlbIC
JUHAMHUKACbIH MaTeMaTHUKaJIbIK MOJeJIb/IEY

A - ’KyMbIC OpraHbIH XOHKaHbIH, O6ipJlik KaJblHAbIFbIHA h Gepijici yuIiH KaXeT KYILITiH,
IIaMacblH aHBIKTAUThIH KYMbIC OpTaHbl 6epiJliCiHiH MeHIUIKTI KeJepri Kyi;

B - KanbiHABIFEI h 60JsaThIH 6eT KabaTblH O0y3y YUIiH KaXXKeTTi MOMEHTTIH, LlaMacblH
aHBIKTAUTbIH, 6eTTiH Oy3blIybl Ke3iH/ e )KyMbIC 3JIeMeHTiHiH ailHa/lyblHA MEHIIIKTI KeAepri Ky1i
[12].

TpaHcnopTepZiy acepiHeH KYMBICTBIH, «KYPFaK» TYpJAe KO3FaJIbICbIHbIH, MaTeMaTHUKaJIbIK
YJITIiCi Kesleciiel cunaTTana/bl:

{mZ =Q — Ah + Pz + P @)

Jp =M —BRh ’

MYH/AAFBI [Ipeax - TPAHCIIOPTEPAIH 9CEp €TEeTiH peaKTUBTI Kylli;
Pz - TpaHcnopTep y3bIH/|bIFbIHBIH 6ip MeTpiHe HaKKaHAaFbl TONbIPAKThIH CaJIMaFbl.
TpaHcnopTep/iiH, acepiHci3 €y acTbhIHJAAFbl (CYMBIKTBIK) >KYMbIC KO3FaJIbIChIHbIH,
MaTeMaTUKaJIbIK MOJieJli KeJlecified cunaTTanazbl:

m# = Q — Aa,Zh — P, — kyZ — koZ ;
$ =M — Ba, ZhR — k,w? ' (3)

MyYHZaFbl Aa;Zh - 3KyMbIC OpraHbIHbIH OeTiHEeH OepislyiHe KelepTiHi aHbIKTAUThIH MOH;
Ps — 2KYMBIC OpraHbIHbIH, CYMBIKTBIKKA YHEMI OaThIpblIaThIH 06JIiriHe acep eTeTiH
WUTepyLli KyL;
KsZ - »KYMBbIC OpraHbIHbIH, (MbICaJ/bl, IITAHTAaHbIH) 66JIiriHe dcep eTeTiH Kylll, OHbIH,
KeJieMi epiTiHAire 6aThIpblIFaH Ke3/ie TpaHllesl TePeHiTiHiH apTybIMeH apTaJbl;
KsZ - >KyMbIC OpraHbIHbI LITAHTACbIHbIH, €PIiTiHAIre KApChl YHKEJIiC KYIli;
Ba,ZhR - TonbipakKTblH 0y3bli1yblHA KeJlepri KeJTipy MOMEHTI;
kpw? - :KyMBbIC 3JIeMeHTiHiH allHa/lyblHA THAPOAUHAMHUKABIK KeJlepri.
Cy acteiHAa (CYWMBIKTBIKTA) TpAHCIOPTEPAIH, 9CepiHEH >KYMbIC KO3FaJsbICBIHBIH
MaTeMaTUKaJbIK YJTici Kesecifend cunatTaaabl [13]:

mz=Q —Aa,Zh+ B, + Pz — P, — k,Z — ksZ .
{Ma =M — Ba,ZhR — k,w? ' (4)

Kep Kasy KabOABIFBIHBIH JKYMbIC pEXHUMIH MaTeMaTUKaJblK MOJeJbJey Ke3eHiHJe
ONTUMAaJIAbIK KpUTepUiJiepi peTiHAe Keseci napaMeTp/iep KapacTbIpblIaAbl: 3HEPrUs
HIBIFbIHAAPbIHBIH, MUHUMYMbI; 6€pijlic KYLIiHiH K9He *XYMbIC OpTaHbIHbIH, allHaJ1y KHIJITiHIH eH,
»KOFapFbl pYKCcaT eTiJireH MaHJepi; Kypa//JblH 0ip eTyiHAeri MakcUMaJs/Jbl KAlIBIKTBIK HEMece
KYpa/liblH, TO3y MeJIEepiHif, MWHUMYMbl; MaKCUMaJJbl 6HIMAUIIK, 8pTypJi KapKblH
KepCeTKillITepiHiH KeJlepri KyluTepi »KaHe T.0.

CoHbIMEH KaTap, YPAICTIH MEHIUIKTI 3HEPTUsl CbIMbIM/bLIbIFbI CUSKTBI apaMeTp 6ap, OHbI
MalllMHaJlap/blH SHEPTreTHUKaJIbIK KOPCETKIIITEPIH CaJNbICTBIPY YUIIH Ui KOJJaHAbl.
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KK, KyHycbekoBa

HoaTmxesiep MeH Ta/IKbl1ay

3epTTey OapbIChblH/JA aJibIHFAaH MaTeMaTHUKaJbIK MOJe/bJep Kep Ka3dy MallMHaJapbIHbIH
YKYMbIC peXXHUM/IePiH OHTaWJIaHABIPYAQ, KaHA YJrijepAi xobasaya xkoHe 6ap KabAbIKTapAbIH
THUIMJJIITiH apTThIpy/ia KOJ1JaHyFa 60J1aThIHbI 19J1eeH/i. AJIbIHFaH HOTUKeJIep KopCeTKeH e,
MOpP(}OJIOTHAIBIK XoHEe JUHAMUKAJBIK TalAay/bl KellleH i KOJ1JaHy MallMHaHbIH KYPbIIbIM/BIK,
JKOHe YHepreTUKaJ/IbIK llapaMeTpJiepiH XKeTu1AipyAiH FbIJIBIMU Heri3iH KaMTaMachI3 eTe/.

Kep :xymbIcTapbl Ke3iHAe KOJAAHBUIATBIH JKep Ka3aTblH MallMHaJapAblH >KYMBIC
MyIleJIepiHiH MYMKiH 60J1aTbIH KYpblJIbIMJAphbl 93ipJIeHTeH.

O3ipJsieMeHiH, 6ipi KecKill KOpPOHKa peTiHJeri >»XyMbIC MYILECiHiH TONbIpaKKa eHZAipyi
(6ypFbliay) »KoHe OHBIH, inrepsiMesii KO3FasbIChl >KYMbIC MYILECiHiIH ebe MeH TYTKa
TUAPOLMJIMHAPJIEPiHiH, KbICBIM KylliMeH ickKe acelpblLiajbl. ['MApoTpaHcnopTep YHFbIMaJaH
epiTiHAIMeH apaJlacKaH 6OHJeJreH TONbIpaKThl TacbIMalJayfa apHa/lfaH. ToNbIPAKThIK
KaFJlailJlapFa )kxoHe YHFbIMaHbl Ka3y TepeH/irine 6aiaHbICTbl TUAPOTPAHNIOPTEP TONBIPAKTHIK,
COPFbI peXKUMiH/le, COHJIai-aK, 3pJUPT peKUMiH/e KYMBbIC icTell anagbl [14].

CoHbIMEH KaTap, TONbIPAK, aFbIHABIK KYMbIC OpraHbIMeH Oy3blJIaThIH d3ipJjeMe GepisireH.
KoHbIpFbl KabblpFasapfa 1 opHaThLIFaH KyOblpJiap 2 apKblibl )KOFapFbl KbICBIMMEH CY/1bl COPY
MYMKIH/IiriIMEH OpbIHJ/JIFaH 6ETOH CaKWHaJaH TypaJbl. COHbIMEH KaTap MyJibllaHbl 3 COpPBIN
aJIaThIH COPFbI 4 6oJ1afbl (cypeT 3, 9) [15].

a) 9)
1- KabbIpFa; 2 - KyobIpJap; 1 - Kecy KOpOHKacChI
3 - nyJsibna; 4 — TONbIPAKThI COPFHI

3-cyperT. - XKep Ka3aTbIH MalllMHA/JAPAbIH KYMbIC MYIleJepiHiH MYMKiH 60JIaTbIH XKoHE
dpeKeTTeri KypbLIbIMAApbI

OcpbLialilla >KYMBIC OpraHbl KYpPbUIBIMBIHBIH, CHNATTaMacblHa KaXKeTTi KoHe >KEeTKIJIKTi
OesrijiepiHe: TONBIPAKTbl Oy3y 9Aici, »KYMbIC OpTacCbIHbIH, CUNATTaMachbl, Oy3aTbIH >9HeE
TaCbIMaJILAUTBIH KypasI|blH OpbIHAANY TYpi, TacbIMajZay 3JAiCTepi, )KYMBbIC PEXUMI, KYMBbIC
»KaOABIFbIH i1y Typi kaTazbl. bepinreH 6enrisep/iy yitjeciM canZjapbl TMIIOTETUKAJIBIK, }KYMBbIC
OpraHAapblHbIH, KYPbLIbIMbIH CypeTTEeUTIH KONITEreH 6pPHEKTEP/IiH 6J111eMiH Oiafipesi.

Kaunbl, yCbIHBUIFAH 9/iC KYPbLIbIC CaJlaCbIHAAFBI )Kep Ka3y NPoLecTepiH MeXaHUKaJlaHAbIpYy
MeH 9Heprus TUIMAIJIITIH apTThIpyFa 6aFbITTa/IFaH TACJ 60JIbIN TaOblIa/bl.
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Kep Ka3y MalIMHanmapbIHbIH, XKYMbIC OpTaHjapbIHbIH MOP$ OJIOTUSI/IBIK, Ta/lAaybl >KoHe KO3FaJlbIC
JUHAMHUKACbIH MaTeMaTHUKaJIbIK MOJeJIb/IEY

KOpHBITBIHABI

KolblIFaH MaKcaTKa Kapau »Kep Kas3aTblH MallMHAJAPAbIH >KYMBIC OpPraHAApPbIHbIH,
napaMeTpJsepiHe MOppOJIOTUAIBIK TaaAay *Kyprisingi. Hotuxecinge epekueniktep/is apTypii
KOMOMHAaLMA/Iapbl THIOTETUKAJBIK )KYMbIC OpraH/iapblHbIH, KOHCTPYKLHMAJIapblH CUIATTAaUThIH
OpHEKTEP JKUBIHTBIFbIH aHbIKTayFa MYMKiHZIK OepfZi. Bys KUBIHTBIK KeHiH KYMBbIC
OpraHZapblHbIH, 9p TYpJli OpTaZaFbl KO3FaJbICbIHbIH JuddepeHUaN bl TeHJeyJIepiH KypyFa
Heri3 60J1/bI.

Ko3fasnbicKa Kapcbl KYLI OGJIOKTapblHbIH, >KUbIHJAAPbIHBIH, ~KUBLIBICYbl Kep Ka3sy
MalllMHaJIAPbIHbIH )XYMbIC Opra”HapbIHbIH, TOPT MaTeMaTUKaJbIK YJITJIepiH a93ipJie/i »xKoHe OHbIH
napaMeTpJiepiH aHbIKTa/bl.

ANbIHFaH MaTeMaTUKaJbIK MO/Jie/ibJlepAi 3epTTey HOTHKeCiH/le Oepy KbL1JJaM/bIFbIH, 6epy
KYLIiH, YHFbLIAYy TepPeHJIriH, ca30aslibIKThl epiTiHAiferi Ko3FaabiCKa KeJepriHi, TONMbIPAKThI
TacbIMasllay MeH OHbI KeCcyTe KeJlepriHi 6ailaHbICThIPAThIH TOYeAAITiKTep aHbIKTa/bI.

Kannel KyaTTblH Oypfbliay 6HIMJiJiriHe KaTblHAcblH OinfjipeTiH MeHUIIKTI 3Heprus
ChIMBIM/IBIIBIFBI 6J111eMi OOMbIHINA PEXXUMHIH OHTaNJbl IapaMeTpJiepi OeJrijieHreH.

ABTOp/ABIH, KOCKAH YJeci. ABTOp 3epTTey TaKbIpblObIH aHBIKTAl, FbLIbIMH MacCeJeHi
Herisze/li, 9/lebMeTTepre Talay XKYPri3Ai koHe 3epTTey dficTeMeciH a3ipsesi. Toaxipubesnik
»KoHe TeOpUAJIBIK 3epTTeyJiepl OpbIH/AAl, a/IbIHFaH HAaTUXKeJlepre Tajjay »acaZbl. MaKalaHbIH,
MOTiHiH TOJIbIK JAalbIHAAI, KOPbIThIHAbLIAPAbI TYKbIPbIM/a/1bl 2KOHE COHFbI HYCKACBIH GEKITTi.
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KK, )KyHyc6ekoBa
HAO «KapazaHduHckulli mexHu4eckull yHugsepcumem umeHu Abwlikaca CacuHogax»

Mopd¢osiornyeckuii aHa/JIu3 pa604YuXx OPraHoOB 3eMJ/IePOMHbIX MAIIUH U
MaTeMaTH4YeCKoe MO/ eJIMpOBaHNe JUHAMUKH JABHKEeHUS

AHHOTaIH/lﬂ. B I,Z[aHHOIt/'I CTaTbe PpaACCMATPUBAOTCA HAYYHO-METOAHWYECKHE OCHOBDI

COBEpPIIEHCTBOBAHNA HOBBIX THIIOB 36MJI€pOI>iHbIX MalllMH H pa60q1/1x OpraHoOB, IIHUPOKO
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Kep Ka3y MalIMHanmapbIHbIH, XKYMbIC OpTaHjapbIHbIH MOP$ OJIOTUSI/IBIK, Ta/lAaybl >KoHe KO3FaJlbIC
JUHAMHUKACbIH MaTeMaTHUKaJIbIK MOJeJIb/IEY

IpUMMeHSeMbIX B JOPOXXHOM U CTPOUTEJBbHOM oTpacisaxX. CTpeMUTeNbHbI pPOCT 0O6BHEMOB
cTpouTesnbcTBa B KasaxcTaHe 00yc/ioBJMBaeT HeOOXOJAMMOCTb MeXaHU3allMU 3eMJIEPOMHBIX
IpOLEeCcCOB W TMOBBILEHUA UX 3IQPEeKTUBHOCTU. AKTyaJbHOCTb 3€MJIEDOMHBIX MalluH
o0yc/0BJeHA KX IWHPOKUM INpPHMEHEHHMEM B pPAa3JMYHbIX OTPAC/ASAX MPOMBIIIJIEHHOCTH,
CBSI3aHHBIX CO  CTPOUTEJIbCTBOM  JIOPOXKHBIX, TPAHCIOPTHBIX, BOJOXO0351ICTBEHHBIX,
TMJPOTEXHUYECKUX, NPOMBILJIIEHHBIX, TPAXJAHCKUX U CEeJbCKOX03MCTBEHHbIX 00beKTOB. [l
3TOr0 MNpoBeeH MOpPQPOJOTMYeCKMM aHaau3 pabouyuX OpraHoOB 3€MJIEPOMHBIX MallWH MU
npeJJIo’KeHbl MeTO/jbl MaTEMAaTHUYECKOT0 MOJIeJINPOBAaHUSA UX JBMKeHUd. B XoJie uccienoBanus
npoBeJieHa KJaccMupUKalUsl MO crnocob6aM paspylleHUsi TPyHTa, paboyed cpene, crnocobam
TPaHCIIOPTHUPOBaHUs], paboyeMy LMKy U BUJAM KpelJleHUus K 06a30BOM MallMHe, a TaKxXe
BbISIBJIEHO MHOTOOOpasve THUIOTEeTUYeCKUX KOHCTPYKLMH pabounx opraHoB. Ha ocHoBe
MOpQOJIOTHUYECKOTO JiepeBa MoJjydyeHbl 484 BO3MOXHBIX BaphaHTa paboyuX OpPraHOB.
Pa3paboTaHbl 4YeTblpe MaTeMaTHYeCKUX OJioKa ABHKEHHUSI pabodyux OpraHOB B Pa3JIMYHBIX
YCJOBUAX CpeAbl C Y4eTOM CUJ CONPOTHUBJEHUS pe3aHUI U TPaHCIOPTUPOBAHUIO.
PazpaboTaHHble MOJiesId MO3BOJISIIOT CHU3UTb 3HEPTOEMKOCTb Mpoliecca pa3paboTKU TPYHTA],
ONTUMHU3UPOBATb MOLIHOCTD IEPelauy M YaCTOTY BpallleHU s, a TAKXKe CHU3UTD Y/leJIbHbIN pacxo/
3Heprud MauuH. [loslyyeHHble pe3yJbTaTbl MMEKT MpPAaKTUYECKOe 3HayeHue MpH
IPOEKTUPOBAHUM U COBEPLIEHCTBOBAHUH JJOPOKHO-CTPOUTENbHON TEXHUKHU.

KioueBble c10Ba: 3eMJepolHbIe MalllMHbI, pabouKre OpraHbl, pe3aHue PyHTOB, CPe/1a, CUJIbI
CONpPOTHUBJIEHUS, MaTeMaTHU4YecKasi MO/JeJlb, PeXXUM pabOThl.

Zh.Zh. Zhunusbekova
Non-profit joint-stock company "Karaganda Technical University named after Abylkas Saginov"

Morphological analysis of the working bodies of earthmoving machines and
mathematical modeling of the dynamics of movement

Abstract. This article considers the scientific and methodological foundations of improving
new types of earthmoving machines and working bodies, which are widely used in the road and
construction industries. The rapid growth of construction volumes in Kazakhstan creates the need
to mechanize earthmoving processes and increase their efficiency. The relevance of earthmoving
machines is based on their widespread use in various industries related to the construction of
roads, transport, water management, hydraulic, industrial, civil, and agricultural facilities. For this
purpose, morphological analysis of the working bodies of earthmoving machines and methods for
mathematical modeling of their movement were proposed. During the study, a classification was
carried out by soil destruction methods, working environment, transportation methods, work
cycle, and types of attachment to the base machine, and the diversity of hypothetical structures of
working bodies was identified. Based on the morphological tree, 484 possible working body
variants were obtained. Four mathematical blocks of the movement of working bodies in different
environmental conditions were developed, and the forces of resistance to cutting and
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transportation were taken into account. The developed models allow to reduce energy
consumption of the excavation process, optimize the transmission power and rotation frequency,
as well as reducing the specific energy consumption of machines. The obtained results are of
practical importance in the design and improvement of road construction equipment.

Keywords: earthmoving machines, working bodies, soil cutting, medium, resistance forces,
mathematical model, operating mode.
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Abstract. This paper explores modern approaches to introducing robotic
automation in the production of power distribution transformers within the
Industry 4.0 framework. It identifies the key manufacturing stages where
industrial robots provide the greatest efficiency, including electrical steel
cutting, coil winding, magnetic core assembly, insulation application, tank
welding, and quality control. Particular attention is given to integrating robotic
systems with digital manufacturing management platforms, as well as using
sensors, machine vision, and real-time monitoring technologies. The findings
show that robotic automation significantly improves precision and operational
consistency, reduces production cycle time by approximately 30-40%, lowers
defect rates from 5-7% to 2-3%, and decreases overall manufacturing costs by
15-20%. Additional benefits include improved energy efficiency, enhanced
workplace safety, reduced occupational injuries, optimized resource use, and
minimized human error. The study concludes that implementing robotics in
transformer manufacturing establishes a foundation for smart factories and
fully automated intelligent production systems driven by digitalization, big
data, artificial intelligence, and predictive maintenance.
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Robotization in the Production of Distribution Power Transformers - Technologies, Advantages and
Prospects of Industry 4.0

Introduction

In the modern world, electricity forms the backbone of nearly all spheres of human activity -
from industry and transportation to information technologies and utilities. The growing demand
for energy, the transition to renewable sources, and ongoing digitalization place increasing
requirements on the reliability and efficiency of power systems. In this context, distribution power
transformers, which ensure the transmission and distribution of electricity across different voltage
levels, play a particularly crucial role [1].

The growth of electricity consumption, the active integration of renewable energy sources, the
development of distributed generation, and the expansion of digital grids are forming new
requirements for substation and distribution equipment. Transformers must demonstrate high
energy efficiency, resistance to overloads, long service life, and minimal operating costs. At the
same time, the importance of manufacturing accuracy and stability of electrical characteristics is
increasing, since even minor deviations in winding geometry or insulation quality can affect the
reliability of the entire power system.

Traditional transformer manufacturing technologies rely heavily on manual labor and semi-
automated machines. For decades, operations such as coil winding, magnetic core assembly,
installation of insulation, and integration of tank components have been performed either
manually or with a minimal degree of mechanization. This approach has several drawbacks: high
labor intensity, dependence on worker skills, low repeatability of operations, higher risks of
defects and workplace injuries. Moreover, traditional production methods often fail to meet
current requirements for flexibility, scalability, and responsiveness to changes in market demand
[2].

An additional limitation of the traditional approach is the high labor intensity and extended
production cycle. Under conditions of increasing competition and the need to shorten delivery
times, such a model becomes less effective. Moreover, heavy and potentially hazardous operations-
welding, handling large components, working with impregnation compounds- raise the risk of
occupational injuries and require strict safety measures.

The development of industrial robotics has opened new opportunities for modernizing
transformer manufacturing. Modern industrial robots are characterized by high positioning
accuracy, repeatability, and the ability to operate continuously. Their implementation makes it
possible to automate key stages of the technological process: cutting electrical steel, assembling
magnetic cores, winding coils, applying insulation coatings, welding transformer tanks, and
performing quality control. Robotic systems ensure parameter stability and significantly reduce
the influence of the human factor [3].

Meanwhile, advancements in industrial automation and robotics open new opportunities for
the electrical engineering industry. Industrial robots, characterized by their precision, consistency,
and reliability, are becoming key tools for modernizing production processes. Robotization
addresses multiple challenges simultaneously: it shortens production time, reduces costs,
improves product quality and workplace safety, and creates favorable conditions for digital
monitoring and control methods [3].
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Robotics gains particular importance within the framework of the Industry 4.0 concept. This
concept involves the integration of cyber-physical systems, digital twins, big data technologies, and
artificial intelligence into manufacturing processes. In such an environment, robotic equipment
becomes part of a unified digital ecosystem in which data on machine condition, processing
parameters, and product characteristics are analyzed in real time. This not only increases
productivity but also enables the prediction of potential deviations, preventing defects at early
stages.

Global practice confirms the effectiveness of this approach. Leading manufacturers of power
equipment, including ABB, Siemens Energy, and other companies, are actively implementing
robotic production lines in transformer manufacturing, achieving significant reductions in
production cycle time and defect rates [5-7]. According to industry studies, automation can reduce
manufacturing time by 30-40%, decrease labor intensity by approximately one third, and lower
production costs by up to 20%. These figures demonstrate the strong economic feasibility of
investing in robotics [5-7,10].

In addition to technical and economic aspects, the social dimension is also significant. The
transition to automated systems changes the workforce structure within enterprises: the demand
for low-skilled manual labor decreases, while the need for engineers specializing in programming,
maintenance, and diagnostics of robotic systems increases. This transformation requires revision
of educational programs and systematic upskilling of personnel [2].

Thus, the introduction of robotization into the production and distribution of power
transformers is not only a technical necessity but also a strategic direction for the development of
power engineering. It allows manufacturers to address complex challenges: improving production
efficiency, ensuring higher product quality and reliability, reducing costs, enhancing occupational
safety, and aligning with global digitalization trends.

The objective of this study is to analyze modern approaches to the robotization of
technological processes in the production of distribution power transformers, to identify their
advantages and limitations, and to outline promising directions for development within the
transition toward digital manufacturing systems [1-3].

The methodology

This study is based on the analysis of current trends and technologies applied in the
production of distribution power transformers, with a special focus on the robotization of key
technological stages. The section describes the information sources, regulatory framework, robotic
equipment considered, and the methods applied to evaluate the efficiency of automation [1-
7,9,10].

The following materials were used as the basis for this study: international standards IEC
60076, which regulate the design, testing, and operation of power transformers; national
standards (GOST 3484.1-88, GOST 11677-85) that define quality and parameter requirements for
transformers; technical reports and white papers from leading global manufacturers of robotic
systems (ABB Robotics, KUKA, FANUC, Yaskawa, Siemens Energy); recent academic publications
in the field of robotization of electrical engineering production and digital factories; as well as data
from industry conferences and analytical reviews on the implementation of Industry 4.0
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technologies [8,9]. These materials provided a comprehensive understanding of the current state
of transformer manufacturing and highlighted the areas where robotization yields the most
significant results [1-3].

The manufacturing process of distribution power transformers includes several key stages:
preparation and processing of electrical steel - cutting, stamping and preparing sheets for magnetic
core assembly; magnetic core assembly - stacking, pressing and fixing the sheets; coil winding -
forming primary and secondary windings with high precision; insulation and impregnation -
applying insulating materials, vacuum impregnation and drying; assembly of the tank and active
part - integrating the magnetic core, windings and insulation; testing and quality control -
measuring electrical parameters, checking mechanical strength and ensuring tightness [1,4]. At
each of these stages, robotic systems can be applied, which became the subject of analysis [1-3,5,6].

In the study the following categories of equipment were considered: manipulator robots for
stacking magnetic core sheets and installing coils; automated CNC and laser cutting lines ensuring
high precision in processing electrical steel; robotic winding complexes providing uniformity and
repeatability in coil formation; robots for applying coatings and insulating materials, including
spraying and impregnation systems; automated welding complexes for assembling transformer
tank components; machine vision systems for assembly quality control and defect detection [5,6].

To assess the impact of robotization on the production process the following methods were
applied: comparative analysis - comparison of traditional and robotized production indicators
such as production cycle duration, labor intensity, unit production cost, defect rate and energy
efficiency (Figure 1); economic analysis - evaluation of ROI (Return on Investment), the payback
period of investments in robotization, TCO (Total Cost of Ownership), total costs of equipment
ownership, and economic effect achieved through reduced manual labor and lower defect rates
(Figure 2); technological modeling - use of digital twins of production processes to predict the
results of implementing robotic systems; socio-organizational analysis - assessment of the
influence of robotization on employment structure, staff retraining needs, and changes in
occupational safety and health [1-3].

Reducing the production cycle time
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Figure 1. Dynamics of production cycle reduction
Note: Compiled based on the data presented in references [1-3]
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The application of a combined methodology made it possible not only to quantify the benefits
of robotization (cost reduction, higher quality, faster production) but also to account for
organizational, economic, and social consequences. This approach ensures a holistic
understanding of the role of robotization in modernizing transformer manufacturing.

Reduction in defect rate in production
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Figure 2. Reducing the level of defects in production
Note: Compiled based on the data presented in references [1-3]

Findings/Discussion

Key Directions of Robotization in Transformer Manufacturing. Robotization in the production
and distribution of power transformers covers almost all stages of the technological process. The
greatest efficiency is demonstrated in the following areas [3,5,6].

Automated cutting of electrical steel. CNC laser and plasma installations ensure high accuracy
and speed of sheet processing, minimize waste and increase the yield of suitable products. The use
of robotic loaders accelerates material handling and reduces the workload on personnel.

Magnetic core assembly. Manipulator robots are used for stacking, pressing and fixing the
sheets into packages. This reduces the likelihood of misalignment, ensures repeatability of
operations and improves magnetic core quality.

Coil winding. One of the most labor-intensive and critical processes is the formation of
transformer windings. Robotic winding complexes provide uniform conductor distribution, high
density and precision of winding. This reduces overheating risks, improves electrical performance
and extends transformer service life.

Insulation and impregnation. Robots ensure the consistent application of insulating materials,
perform vacuum impregnation and drying operations. This approach minimizes defects, increases
reliability and dielectric strength of insulation.

Tank welding and machining. Robotic welding systems are used in the production of
transformer tanks. They provide consistent seams, reduce the risk of defects and improve
tightness. Automated machining lines reduce dimensional deviations and improve the accuracy of
fits [11-15].
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Quality control. Machine vision and non-destructive testing systems integrated with robots
enable the inspection of each unit. This eliminates human error and ensures objectivity of quality
control. Comparative Analysis of Traditional and Robotized Production. To evaluate the
effectiveness of robotization, a comparative analysis of key production parameters was carried out
(Tables 1,2).

Table 1. Comparison of traditional and robotized transformer production

Indicator Traditional Technology | Robotized Technology
Production cycle 100% 60-70%
duration
Labor intensity High 30-40% lower
Coil winding quality Medium, operator- High accuracy and

dependent repeatability
Defect rate 5-7% 2-3%
Occupational safety Medium, heavy High, minimal

workload manual operations

Note: Compiled based on the data presented in references [1-3]

Table 2. Economic Effect of Robotization

Indicator Before After
Implementation Implementation
Productivity 100 units/year 140-150 units/year
Cost per unit 100% 80-85%
Payback period - 3-5years
Energy efficiency 100% 110-120%

Note: Compiled based on the data presented in references [1-3]

The results showed:
- Production cycle duration reduced by 30-40%;
- Labor intensity decreased by 35-45%;
- Coil winding precision reached up to 99% repeatability;
- Defect rate reduced from 5-7% to 2-3%;
- Unit production cost decreased by 15-20%.

Additionally, the introduction of robotization increases the energy efficiency of the enterprise
by 10-15% through more rational use of equipment.

The economic analysis showed that ROI (Return on Investment) is 3-5 years, depending on the
scale of production; TCO (Total Cost of Ownership) decreases due to reduced labor costs and fewer
defects; the use of robotic systems increases production output by 40-50% [3,5,6]. For example,
the introduction of automated winding machines at a Siemens plant made it possible to increase
transformer output by 35% without expanding the workforce. Case Studies of Implementation.
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ABB (Germany, 2022) implemented an automated cutting and magnetic core assembly line, which
reduced steel waste by 12% and decreased the cycle time by 25%. Hyundai Heavy Industries
(South Korea, 2021) introduced robotic welding complexes for transformer tank manufacturing.
As aresult, tightness improved and the number of warranty cases decreased by 18%.

Siemens Energy (Austria, 2020) developed a digital twin system for transformer production
integrated with robotic lines. This made it possible to predict product output parameters and
optimize production processes [5,6,7].

Robotization affects not only technical and economic indicators but also the social sphere: the
demand for unskilled manual labor decreases; the demand for specialists in the maintenance of
robots and automation systems increases; working conditions improve and the level of
occupational injuries decreases; the development of staff retraining programs is required [1-3].

Further development of robotization is associated with the introduction of artificial
intelligence to optimize robot performance; the use of collaborative robots (cobots) capable of
interacting with humans on the same production line; the integration of robotic systems into
enterprise digital twins; and the transition to fully smart factories, where production processes are
managed in real time based on big data.

Conclusion

The conducted study showed that robotization of the technological process of manufacturing
distribution power transformers is a strategic direction for the development of the modern
electrical engineering industry [1-3,5].

Summary of Analysis Results:

1. Reduction of production cycle duration. Robotization reduces transformer manufacturing
time by 30-40% through the automation of key operations such as steel cutting, coil winding,
magnetic core assembly and tank welding.

2. Improvement of product quality. The use of robotic systems ensures consistent repeatability
of technological operations and reduces defect probability by a factor of 2-3 compared with
traditional technology.

3. Cost reduction and increased economic efficiency. By lowering manual labor, reducing
material waste and optimizing processes, production costs decrease by 15-20%, while the payback
period of investments in robotization averages 3-5 years.

4. Improvement of working conditions and safety. Robots eliminate human involvement in the
most dangerous and heavy operations (welding, moving heavy parts, insulation impregnation).
This reduces the level of injuries and improves the environmental situation at the enterprise.

5. Social and workforce changes. Robotization requires staff retraining and a shift from mass
manual labor to specialists in the maintenance and programming of robotic systems.

Scientific and Practical Significance. The introduction of robotization in transformer
manufacturing makes it possible to increase product competitiveness in the global market; ensure
higher production energy efficiency; lay the foundation for the creation of “digital factories” and
the transition to the Industry 4.0 concept; and expand the use of artificial intelligence and machine
vision technologies for quality control [3,6].
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Prospects for Further Research. Development and implementation of digital twins of
transformers and production processes to predict product characteristics already at the design
stage; application of collaborative robots (cobots) for joint work with operators on assembly lines;
integration of robotic systems with Big Data and [oT platforms to enable real-time monitoring and
production management; exploration of artificial intelligence methods for adaptive optimization
of production modes and defect prevention [3,10].

General Conclusion. Thus, robotization of the technological process of manufacturing
distribution power transformers not only improves product quality and reduces production costs
but also forms the foundation for the transition to fully automated intelligent production systems.
This direction is key for the long-term development of power engineering, as it combines
technological progress, economic benefits and social significance [1-3,5-7,10-15].
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TapaTyuwbl KymITik TpancpopmaTopJsiap eHAipiciHaeri po6oTTaHAbIPY - 3aMaHAy
TexHoJsiorusiaap, UHaycrpus 4.0 apThIKIIbUIBIKTAPbl MEH NepCcleKTUBAJIapbl

Agaarna. bysa xymbicta «MHAycTpusa 4.0» TyKblpbIMJaMachl asCblHAA TapaTy KYIITIiK
TpaHchopMaTopJsapblH 6HJIPY YAepiciHe poOOTTaHABIPYAbl €Hri3yZiH 3aMaHayu Taciijepi
TaJJaHaJbl. 3epTTey HITHXKeJsepi eHJIPICTiIH Kal Ke3eHJepiHJe 6HepKacinTik poboTTap/bl
KOJIJaHy €H, »KOFapbl TUIMJi/iK GepeTiHiH aHbIKTAW/bl: 3JIEKTPOTEXHUKAJBIK O0JATThl Kecy,
opamMJapAbl Oopay, MarHMUTTIK e3eKllesjepZi »KUHAKTAy, OKLIAyJaFblll MaTepUalJap/Abl Kary,
6aKkTap/ibl oHEKepJIey XKoHe canaHbl 6akpliay. COHbIMEH KaTap poOOTThIK KellleHep/i eHAipicTi
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nudpablK 6acKapy KyWesepiMeH OGipikTipy, AaTUYUMKTepAi, MallMHAJBIK KOpYy KyieJsepiH >xoHe
HAKThl YaKbIT PeXKUMIH/Eeri MOHUTOPUHT Kypa/lJapblH NalkJaJlaHy MaceJesiepiHe epeKile Ha3ap
ayZiapbliaibl.  3epTTey HOTHXKeJepi poOOOTTaHABIPY oOmepanusaaapiblH,  J2JIJ[iri MeH
KaWTaJIaHFBILITHIFBIH €/19yip apTThIPpAaThbIHbIH, OHAIPICTIK UKJ YaKbpIThIH maMaMeH 30-40%-ra
KbICKApTaTbIHbIH, aKayJap AeHrerin 5-7%-aan 2-3%-Fa JelliH TOMeH/leTETiHIH KoHe 6HIMHIH,
e3iH/lik KYHbIH 15-20%-Fa asalTaTbIHbIH KepceTeZi. KocbiMila apThIKUIbLIBIKTApP peTiHAe
3Heprus TUIMAINIriHIH apTybl )KoHe eHOEKTI KopFay AeHTeliHiH KaKcapybl aTan eTiseii, COHbIH
imiHzAe eHAipicTeri xKapaKaTTaHyAblH TOMeH/eyl, peCypcTapAbl YThIM/bI Tanfa/1aHy KoHe afiaMy
KaTesikTepAiH a3awoobl. KopbIThIHABLIAN KeJe, TpaHCcPopMaTOp 6HJipiCiHAeri TEXHONIOTUSJBIK,
yAepicTepAi poOOTTaHAbIPY «aKbUIJbl 3aybITTapFa» »KoHe TOJIbIK aBTOMAaTTaHAbIPbLIFaH
3UATKePJIIK 6H/IPiCTIK »Kylesiepre Kellyre Heri3 Kasanabl. MyHzal xxyhesnepe nudpaanabipy,
YJIKEH JlepeKTep/ii UHTerpauusaay, *acaH/ibl MHTeJJIEKT >KoHe a6/ bIKTap/iblH, IPeJUKTUBTIK
TaJ1aybl HETi3Ti peJs aTKapaabl.

TyiiH ce3aep: poGOTTaHAbIPY, TapaTylibl TpaHCPOpPMATOp, TEXHOJIOTHUSJBIK MPOLECC,
OHEPKACINTIK aBTOMAaTTaHAbIpY, LU pJbIK eHaipic, UHaycTpus 4.0.
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PoGoTH3anus B IPOM3BO/CTBE paclpe e/ TUTeTbHBIX CUJIOBBIX TPaHCPOPMATOPOB -
TEXHOJIOTMH, MPEUMYIIeCTBa U nepcneKTuBsl UHAYcTpuu 4.0

AHHOTaumA. B faHHOUW paboTe aHaJIMU3UPYIOTCS COBpPEMEHHbIE MOAXOJbl K BHEJPEHUI0
po60oTHU3aLMU B MPOU3BOJCTBO paclpesesUTeNbHbIX CUJIOBBIX TpaHCPOPMATOpPOB B paMKax
koHUenuuu «Muayctpus 4.0». UccienoBaHue BbISBJIsSET TEXHOJOTHYECKHE 3Tallbl, HA KOTOPbIX
NpPOMBbIIIJIEHHbIE  POOOTHI obecneyuBalOT  Haubosblyld  3PPEKTUBHOCTb: peska
3JIEKTPOTEXHUYECKOM CTa/Ii, HAMOTKA KaTylleK, CO0pKa MarHUTHBIX Cep/IeUHUKOB, HAaHECEHUE
M30JILMOHHBIX MaTepHUaJioB, CBApKa 6aKOB U KOHTPOJIb KauecTBa. 0co60e BHUMaHUeE yAess1eTCs
MHTErpanuu poOOTOTEXHUYECKUX KOMIIEKCOB C LUMPPOBBIMM CHUCTEMaMH yIpaBJIeHUs
IIPOU3BOJCTBOM, IPUMEHEHUIO JaTYUKOB, CHCTEM MALIMHHOTO 3PEHUS U CPeJCTB MOHUTOPHUHIA
B peaJibHOM BpeMeHH. Pe3y/sibTaTbl MOKa3bIBAIOT, YTO PO6OTH3AlMs 3HAYMTENbHO MOBbIIIAET
TOYHOCTb U MOBTOPSIEMOCTb OIepaliii, COKpallaeT BpeMsi NPOU3BOJACTBEHHOI0 IMKJaa Ha 30-
40%, cHMKaeT npoueHT 6paka ¢ 5-7% 0 2-3% 1 yMeHbIIaeT ce6eCTOMMOCTb MPOAYKLMY Ha 15—
20%. [lomosiHMTe/IbHblEe MpPEUMYIEeCTBA HaOJIIOAAITCAd B 3HEProddpPeKTUBHOCTU U OXpaHe
TPy, BKJIOYasl CHUXKEHHWe TpaBMaTH3Ma Ha paboyeM MecTe, ONTHUMM3ALUIO HCIOJIb30BAHUS
pecypcoB U MUHHUMH3AIMI0 YeJI0BEYECKUX OLIMOOK. B 3aK/I0YEeHUU HCCIeloBaHUS Je/1aeTcs
BbIBO/J], YTO POOOTHU3ALUS TEXHOJOTHYECKOTO Mpoliecca B NMPOU3BOACTBE TPaHCHOPMATOPOB
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3aKJIa/IblBaeT OCHOBY /IS Mlepexo/ia K <yMHBIM 3aBOJiaM» U MOJIHOCTbI aBTOMaTHU3UPOBaHHbBIM
MHTe/JIEKTyaJbHbIM NPOU3BOJCTBEHHbIM CUCTEMaM, TIJie LEeHTPaJbHyl0 poOJib HWIPalOT
nuppoBU3aLUSA, UHTErpaLys 60/bLINX JaHHbIX, UCKYCCTBEHHbIN UHTE/JIEKT U NPeIUKTUBHAsA
aHaJIMTHKA 000PYyL0BaHUS.

Kiro4deBble cj10Ba: po60TH3a1Ms, pacpe/ie/IMTebHbIN TpaHCPOopMaTOP, TEXHOJTOTUYECKU N
npolecc, NPOMbIIIJIEHHas aBToOMaTHU3alus, LudpoBoe npousBoAcTBo, UHAYyCcTpHUa 4.0.
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AHHOTanmA. B cTaTbe paccMoTpeHa npobJsieMa o6ecrneyeHust yCTOMYMBOCTH U
3KCIJIyaTallMOHHON 6€e30MacHOCTH *KeJIe3HOJ0POKHbIX BOCCTAHOBUTEJbHbIX
KpaHoB. [loka3aHO, 4YTO OJHHUM H3 KJIIOUEBbIX VY3JI0B, ONpeJesllnux
YCTOMYHUBOCTb KpaHa IMpPU  BbINOJHEHUU MOTPYy304YHO-TPAHCHOPTHBIX
onepawlui, IBJASIOTCSA BBIHOCHbIE ONIOPBI, BOCIPUHUMAIOIIMe OCHOBHYIO YacTh
CUJIOBBIX HArpys3ok M obecrnedyuBarolide NepepacrnpesiesieHdsi Ha ONOPHYIO
OBEPXHOCTb. llesblo uccaej0BaHUSL SIBJASETCA aHaA/IW3 KOHCTPYKTUBHBIX
pellleHUH BBIHOCHBIX OIOP >KeJIe3HOL0POXKHBIX I'Py30N0AbEMHBIX KPAaHOB U
000CHOBaHME TNEPCHEeKTHUBHbIX HaNpaBJeHUM HUX  KOHCTPYKTUBHOTIO
COBEpLIEHCTBOBaHUA. Ha oOCHOBe MaTEHTHOro aHa/iM3a CYyLeCTBYHIOIIUX
TEXHUYECKUX pelleHUH pa3paboTaHa KjaaccuPUKaLUsi COBPEMEHHBIX
KOHCTPYKIMM BBIHOCHBIX ONOpP MO CJAEeAYLUM TpynnaM: CHUCTEMBI,
npe/iHa3HauYeHHble [IJII CHW)XXEHUsl YJAeJbHOTO J[aBJEHUSI Ha TPYHT;
KOHCTPYKIMH, pasinyaoirecs 1o KOHPUrypauuu 1 KOMIOHOBKE; pelIeHHUs],
npeJlycMaTpHBaIlMe UCI0Jb30BaHUE COBPEMEHHBIX MaTEPHUAIOB B pab0ouuX
3JIeMEeHTax; CUCTeMbl, OCHallleHHbIe YCTPONUCTBAMH KOHTPOJISI YCTONYHUBOCTU
KpaHa B Ipouecce pa6oTbl. [lpoBefieH CpaBHUTEJIbHbIA  aHa/IU3
CYLIECTBYIOIIUX METO/IUK pacyeTa YCTOMYUBOCTH KeJIe3HOJOPOKHbBIX KPAaHOB
C BBIHOCHBIMU onopaMu. [loka3aHa nepcneKTHBa NOBbIeHU 3 GEeKTUBHOCTH
OTNOPHBIX 3JIEMEHTOB 32 CUET ONTUMHU3AIMU UX KOHOUTYPALIMU U TPUMEHEHU S
COBpPEeMEHHbBIX KOMIIO3UTHBIX MaTepHUaJIOB

KiloueBble CJI0Ba: 3KeJ1€3HOZOPOKHbIE KPaHbl, BEIHOCHBIE OMOPbI, YCTOWYUBOCTb,
ayTpurep, KOMIO3UTHbIE MaTepUaJbl, MOPHOJOrHYecKast KIacCUpUKaIKsl, OTIOPHbIE
peakiuy, pacdéTHasi CXema.
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BBeageHue

CoBpeMeHHbI€ KeJIE3HOIOPOXKHbIEe KPaHbI SIBJASIOTCS 6a30BbIMU COCTABJSAUIMMHA Npoliecca
OpraHu3alMu CTPOUTEJbHbIX U MOHTAXXHbBIX PAOOT Ha KeJIE3HOJOPOXKHBIX MYTSAX MPU UITATHBIX,
TaKk U NMPU HEWITATHbIX cuTyauusx. Ocobyw rpyniy COCTaBJSIIOT BOCCTAaHOBHUTEbHbIE KPaHbI
pPa3/IMYHOM T'PYy30MOJAbEMHOCTH, NMpeJHA3HAUEHHbIE /i1 MOAbeMa U MepeMeleHUsT TIKeTbIX
IrPy30B B YCJOBHSIX OTPAaHUYEHHOrO MPOCTPAHCTBA M CJOXHBIX NPUPOJHO-KJIMMATHYECKUX
baxkTOpOB.

Be3sonacHasi skcmjyaTanusi KpaHOB BO MHOTOM OIpeJesisieTCs UX YCTOWYUBOCTbIO NpU
pPa3/IMYHBbIX peXXUMax paboThl, BKJIOYasl MOJAbEM U ONMyCKaHUE TPy3a, U3MEHEHUE MOJIOXKEHUS
CTpeJibl, a TAKXKe BO3/IeMCTBHE BHELIHUX HAarpy3ok. HapyiieHrue ycTOMYUBOCTH MOXET NMPUBECTH
K aBapUUHBIM CHUTyalUsM W 3HAYMTEJbHbIM MaTepUaJbHbIM MOTepsSIM. B cBA3U C 3TUM
obecrieueHre YCTOUYMBOCTH SBJSETCA OJHHM H3 KJOYEBbIX TpPeOOBAaHUM HAJEXHOU
3KCIIyaTalMU rPy30M0 4 beMHbIX MalllUH.

OpraHvsalMOHHO-TEXHUYECKHEe  MepOoNpUsiTUS W JONOJIHUTEJbHble  YCTPOUCTBA,
HampaBJieHHble Ha  obecrneyeHHe  YCTOMYMBOCTA  KPAaHOB  0a30BbIX  UCIOJIHEHUH,
perJaMeHTUPYIOTCA TpebOBAaHUSAIMHU, TOJIOKEHUSMU U  PEKOMEHJAlMSIMHA  OTpPaceBbIX
HOPMAaTHUBHBIX JOKYMeHTOB[1].

OJHaKo B peasibHbIX YCJOBHUSAX IKCIJIyaTallUd HEPEAKO BO3HUKAIOT HelITAaTHbIEe CUTYyallUH,
Tpebyrlue pa3pabOTKU [IOMOJHUTEJSbHbIX TEXHUYECKUX pelleHWH, HampaBJeHHbIX Ha
COBepIIEHCTBOBaHUE y3JI0B MEXaHU3MOB KPAHOB C 1ieJibl0 06ecriedeHHs Ha/JIEXKHOCTH MPOIeCCOB
noJ'béMa U ONyCKaHHU4 rpy3a.

OJHMM K3 OCHOBHBIX KOHCTPYKTHUBHBIX 3JIEMEHTOB, 06eCHeYyHUBaIOLUUX YCTOWYUBOCTD
YKeJIe3HOLOPOKHBIX CTPEJIOBBbIX KPAHOB, AABJSAKTCH BBIHOCHBIE ONOPHI - ayTPUrephl, KOTOpPhIE B
npolecce paboTbl BOCIPUHUMAIOT 3HAYUTEJNbHYIO YaCTh HAarpy3oK, epe/jaBaeMbIX Ha ONOPHYO
CUCTeMY KpaHa. BbIHOCHble ONOpBbI >KeJIe3HOLOPOXXKHBIX KpaHOB IMpeJCTaBJAIT COO0U
MexXxaHU4YeCKHue WJHU THJpOMeXaHU4YeCKUe YCTPOMCTBA, NpeJHa3HAayeHHble [Ji yBeJU4YeHHUf
IJIOLIAIM ONMPAHUs KpaHa M Iepepacnpefie/ieHWsl Harpy3oK NPH BbIIOJHEHUH NOABbEMHBIX
orneparuu.

B kJlaccuyeckor KOHCTPYKIMU BOCCTAaHOBUTE/IbHBIX KPAHOB, UCNI0JIb3yeTCA NHpaMu/iaibHas
cxeMa ONOpbI, KOTOpass BOCIPUHMMAET HArpy3Ky 4depe3 IUTOK THAPOLUJIHWHApPA U INepeaaeT
Harpy3Ky Ha FpyHT Yyepe3 ONOpPHbIE MJIMThI Y MNaJibl. Takasg KOHCTPYKL YA J0J/DKHA 06ecriedynBaTh
CHM)KEHHEe pHUCKa OINPOKU/JbIBAHWSA M IMOBbILIEHWE YCTOMYMBOCTU KpaHa IpU paboTe Ha
pebCOBOM MYTH UJIU BOJIM3U Hero[2].

TpagynyoHHbIE KOHCTPYKL WU ONOPHBIX IJIMT, U3TOTABJUBAIOTCA U3 CTAJU U OTJIUYAIOTCSA
3HauUUTeJbHOM Maccou. CiefyeT OTMETUTb, UTO MNpPHMeEHsieEMble B IMpPaKTHUKe ayTpUTephl
»KeJIe3HOLOPOKHBIX KPAaHOB TPEOYIOT 3HAUUTE/NbHbIX BpeMEHHbIX 3aTpaT U GU3NYECKHUX YCUIUU
Nnpy UX ycTaHoBKe. Tak, HanpuMep, Ha xKese3HoAopoKHOM KpaHe E/IK-2000 gusia npuBeneHus
BbIHOCHOM ONOPHI B pabouee MoJi0KeHue TpebyeTcsl yuacTUe HECKOJIbKUX YeJIOBEK.

KpoMme Toro, npu paboTe Ha HEPOBHOM OCHOBaHMU WJM Ha AePOPMHUPOBAHHBIX LIManaax
pacmnpejie/leHHe Harpy3oK MexJy OIopaMu INPOUCXOJUT HepaBHOMEPHO. JTO MPUBOAUT K
neperpyske OT[eJIbHbIX ONOPHBIX 3JIEMEHTOB U NOBBIIIAeT PUCK ONPOKHU/JbIBAaHUS KpaHa. B
TEeXHUYECKON JIMTepaType JaHHbI BOMNPOC paccMaTpUBaeTCsd JOCTAaTOYHO MOJAPOOHO, 4UTO
CBSI3aHO MNpeX/Je BCero C OCOOEHHOCTSIMU YCJOBUM paboTel ayTpurepoB[3]. B pabore [4]
OKa3aHa HeoO0XOJWMOCTb Yy4yeTa peoJIOTUYEeCKUMX CBOMCTB TpPyHTa C HCIOJb30BaHUEM
HeJIMHEWHO-/eOpMHUPyeMON MOJieJIM BMECTO TPaAULIMOHHO IPUMEHsAeMOM YIPyro-JTMHENHON
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MOJieJId B3aUMO/IeN CTBUS ONIOPHBIX 3JIEMEHTOB C TPYHTOM.

B pa6orax[5,6] yka3biBaeTcs, 4TO cHeluPUYECKON OCOOEHHOCTbI) BBIHOCHBIX OIOP
MOOUJIbHBIX KPaHOB fIBJSETC MX OrpaHUWYeHHas aJalTUBHOCTb K Pa3JIMYHbIM TPYHTOBLIM
yCJIOBUSAM IO/, OIOPHBIMU yCTPONCTBAMHU, NOBbIILIEHHAsA YYBCTBUTEJbHOCTb K HEpaBHOMEPHOCTHU
OTNOPHBIX peaKlMil, 3HaYUTe/JbHblEe 3aTpaTbl BpEMEHM Ha YCTAaHOBOYHbIE ONEpaluM, a TaKXKe
BEPOSITHOCTU CHMXXEHUs] YCTOMYMBOCTU KpaHa NMpPU JAUHAMHUYECKUX HarpysKax U HM3MeHeHMsX
H0JI0’)KeHUs cTpesbl. [Ipy cyliecTBYOIIMX KOHCTPYKLUAX BBIHOCHBIX OIIOP BO3MOXXHO CHUXKEHUE
pa3rpysku BbIHOCHBIX omnop A0 30-50%. OgHako faHHOe MeponpUsiTUe TpebyeT 3HAYUTETbHOTO
YCJIOXKHEHUS] KOHCTPYKLMH, BbI3BAHHOI'0 HEOOXO0JMMOCThI0 YBeJWYEeHHUsI ONMOPHOM IJIOIAAH 3a
CUeT yZaJ/ieHUsl ONopbl OT paZMyca NOBOPOTa.

B pa6oTe[7] oTMeuyaeTcs1, YTO OHUM U3 OCHOBHbBIX HE/JOCTATKOB 06ecledyeHus yCTOMUUBOCTHU
’KeJIeSHOJOPOXKHbIX KPAaHOB SABJSETCS TPYAHOCTU ob6eclieyeHUs] ONOPHOM MOBEPXHOCTH,
IPUBOJSAIINE K UCIIOJIb30BAHUIO HE BCeX BBIHOCHBIX OIOP, @ TAKXKe OTPaHUYEeHUs] B MOOUJIbHOCTH
MX YCTaHOBKU. B 3THUX ciy4asgx HeO0O6XOJAMMO COBEpILEHCTBOBAaHUE 3SKCIIyaTallMOHHbBIX
XapaKTePUCTHUK OT/e/IbHBIX Y3JI0B BBIHOCHBIX OIIOP.

B pe3sysbTaTe aHa/u3a CYLeCTBYIOLIMX KOHCTPYKLMUH BbIHOCHBIX ONOpP MpHUBeAeHa
CpaBHUTeJibHAasA oOlleHKa 3Q(PEeKTUBHOCTU HX HCNOJIb30BaHHUS 10 CPaBHEHUIO C 6a30BbIMU
BapuaHTaMU: K03)PUIIMEHT yAe/NbHbIX MPUBEJEHHbIX 3aTpaT MNpPU yBeJWYEHHUH YucIa
IIepecTaHOBOK OIIOP B TeYeHHe Yaca CHUkKaeTcsd Ha 6,6%. OfHOBpeMeHHO yCTaHOBJIEHO, YTO [IpU
yBeJIMYEHUU 4YHCJa NEepecTaHOBOK ONOp CHUXKEHWEe 3TOro IoKasaTessl CTAaHOBUTbCA GoJee
3aMeTHbIM. [locsieHee yka3biBaeT HA HEOOXOAUMOCTb IOMCKA HOBBIX TEXHUUYECKUX PeLIeHUH 10
COBEpLIEHCTBOBAHMIO KOHCTPYKLUU BbIHOCHBIX OTOP.

KpaTkuil aHa/u3 npoBefeHHBbIX MO HCCAe[0BAHUI0 BBIHOCHBIX OIOP >KeJe3HOA0POXKHBIX
KpaHOB NPUBOJAT K HE06XOJUMOCTHU CUCTEMHOI0 aHaJIM3a UCCIelyeMoro Bonpoca.

MeToaoJi0rus

OaHuM u3 30PeKTUBHbIX HHCTPYMEHTOB BbISIBJIEHUSl MepPCIEKTUBHBbIX HampaBJeHUN
Pa3BUTHUS KOHCTPYKIMU rpy30N0o beMHBIX MalllKH fIBJASIETCS aHAJU3 MAaTEHTHOW UHOpMaLUH.
[laTeHTHblIE UCTOYHUKM OTpaKalOT HauboJiee aKTyaJibHble HH)XXEHEpHble pelleHus],
HanpaBJieHHble Ha MOBBILIEHHWE JKCIJIyaTallMOHHBIX XapaKTEPUCTUK 000pPYAOBaHHUSA, BKJ/KOYas
YCTOWUYUBOCTb, HaZIe)KHOCTb U TEXHOJIOTUYHOCTb KOHCTPYKL M.

B paMkax HacToslLlero UCCAeOBaHUS TMPOBeJEH aHalW3 MaTEeHTHbIX pa3pabdoTokK,
NOCBSAILEHHBIX COBEPIIEHCTBOBAHUIO ONOPHBIX YCTPOMCTB CTPEJIOBBIX U MOOMWJIbHBIX KPaHOB.
[lorck nateHTHOW HMHGQOpPMALMU OCYLIECTBJIAJICA B MeX/JyHapoAHbIX 0a3ax JaHHbIX Google
Patents, Espacenet, WIPO, Pocnatent nepuog c¢ 1994-2025 rr. B pe3ysbraTe u3y4yeHUs
MaTepHaioB YCTAHOBJIEHO, UTO 3HAYMTeJbHas 4aCTb TEXHWYECKUX pelleHWH HalpaBJeHa Ha
NOBBIIEHHE YCTOUYMBOCTH KPAHOB 3a CYET COBEPLIEHCTBOBAHUSA KOHCTPYKIUU BBIHOCHBIX OIOP
Y VX B3aUMO/IENCTBUS C OIOPHON NOBEPXHOCTHIO.

B pe3ysbTaTe cuUcTeMaTH3alUUKd pPaCCMOTPEHHBIX NATEHTHbIX peLIeHUW BblJeJeHbl
clefylolilie OCHOBHble HalpaBJieHHWS1 pPa3BUTHUA KOHCTPYKLUHUHW ONOPHBIX YCTPOMCTB
rpy30MN0/beMHbBIX MallIUH.

OfHUM U3 HauboJiee pacCIpOCTPaHEHHBIX HANPaBJIeHWH AABJSETCA pa3paboTKa KOHCTPYKLUU
ONOPHBIX 0ALIMAaKOB U CTAOMJIM3UPYOIIUX HAKJIa[O0K, obecriednBaloLUX 60Jiee paBHOMEPHOeE
pacnpejiesleHMe Harpy3kd Ha ONOPHYI NOBEPXHOCTb. B psjie maTeHTOB mnpejJsararTcs
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CTaOUIM3UPYIOLME HAKJIAAKU pa3JIMYHOU GOopMBbI (KBaApPaTHOM, IPSAMOYTOJIbHON UM KPYIJION),
yCTaHaBJMBaeMble B HM>KHeW 4acTU onopHoro 3JjieMeHTa [8-10]. OcHOBHasA 1esb NOA0OHBIX
pellleHUH 3aKJ4aeTcsl B yBeJMYEHUU IIOLAJAU KOHTAKTa ONOPbI C TPYHTOM M CHW)XXEHUH
yAeJIbHOTO JlJaB/ieHUs] Ha OCHOBaHUe. KpoMe Toro, npuMeHeHue ClieljaJbHbIX KOHCTPYKTUBHBIX
3JIeMEHTOB MO03BOJIIeT YMEHBbIIUTb BEPOSATHOCTb NPOCAaZKH ONOP M NOBBICUTH YCTOMYUBOCTH
KpaHa npy paboTe Ha CJ1abbIX FPYHTAaX.

B pa6ore [9] mnpensioxkeHa KOHCTPYKIMS HaKJaJKU C Pa3sBUTONM QPPUKIHUOHHOM
IIOBEPXHOCTbIO, CGOPMHUPOBAHHOM CHCTEMOW BBICTYNOB W yriaybJseHU#. Takas koHUrypanus
obecriedyMBaeT NOBbIIIeHHE KO3QULHMEHTA CLeEIJIeHUsl OMNOPHOro 3JieMeHTa C OMNOPHOH
IOBEPXHOCTbIO U YMEHbIIAaeT BEPOSATHOCTb CMellleHHWe KpaHa NpU JelCTBUM TOPU30HTATbHbBIX
Harpysox.

OTfenbHBIA UHTEpeC TMpeAcTaBJseT MOJYJbHas KOHCTPYKLHS CTaOUJIM3UPYIOLLei
HakJaZiku, npeaJsiokeHHass B narteHTe[10]. /laHHasd KOHCTPYKLMS BbINOJIHEHA MO MPUHLUIY
COOpHBIX 3/IEMEHTOB, YCTaHABJIMBAEMbIX AYT B Apyra. Takoe pelieHUe NO3BOJIIET 3HAYUTENbHO
COKpPAaTUTb BpeMsl MOHTa)XKa ONOPHBIX 3JIEMEHTOB WU MOBBICUTH YA00CTBO TPAHCIOPTUPOBKHU
o6opynoBaHusi. Kpome Toro, KpruBoJsinHelHast popMa ONOPHOM MOBEPXHOCTH CIIOCOOCTBYET 6oJiee
paBHOMEPHOMY paclipe/ie/IeHUI0 Harpy30K He TOJIbKO HEeNoCpeJCTBEHHO 10/, OMOPOM, HO U Ha
NpUJIeraruiyMx yyacTKax pyHTa.

PucyHok.1. JproHoMu4Has cTabuaM3UpyoLias HakJaazKa

BTopoe HampaBJ/ieHHe pa3BUTHUs KOHCTPYKLHUH BBIHOCHBIX ONOp CBSI3aHO C U3MEHEHUEeM
KOHQUTYpaALUX U TeOMETPHUU ONMOPHbBIX IJIUT.

Tak, B mateHnTe [11] npeaJiokeHa KOHCTPYKLMSI OIOPHOU IJIMTHI C IBYXCJIOHHOW CTPYKTYPOH,
M03BOJISIOIEN MOBBICUTH »KECTKOCTb 3JIeMEHTAa IPU OTHOCUTEJbHO HeOOJIbLUION Macce
KOHCTPYKIIMU NPU BOCIPUATUN 3HAYUTEbHbBIX HArPYy30K.

B psizie TeXHUUECKUX pellleHUH paccMaTPUBAIOTCS BapUaHThI YBEJUUEHUS IJIOIIAAH ONOpPbI
3a CYeT MPUMEHEHHs CKJIaAbIBAIOUIMXCs 3JieMeHTOB. Hanpumep, B nateHTe [12] onopHas niaurta
cHabXXeHa JIByMsl LIAPHUPHO 3aKpelVIEeHHbBIMU KPbLIbSIMH, KOTOPbIe MOTYT OBOPAYMBaThCs Ha
yroJi 1o 180. B paboueM MoJiOKEHUU JJaHHbIE 3JIEMEHTbI 06Pa3yI0T AONOJTHUTENbHYIO ONOPHYIO
IIOBEPXHOCTb, YTO MO3BOJIAET YBEJUYUTH IJIOLA/lb KOHTAKTA C TPYHTOM WM CHU3UTb YAeJbHOE
JlaBJieHHe Ha OCHOBaHHe. AHAJIOTUYHBIN MOAX0/J] peasu30BaH B nateHTe [13] rae yBesnyeHue
IJIOIIAZM OMOPHOM MOBEPXHOCTH JOCTUTAETCS 32 CYET HCNOJIb30BAaHUS CKJIAZbIBAIOIIUXCS
CEeKIMI onopHoro 3jieMeHTa. [lo/l06HbIE pelieHNs1 HalpaBJieHbl Ha 06ecrieyeHre KOMIAKTHOCTH
KOHCTPYKIIMU B TPAHCIIOPTHOM I0JIOXKEHUHU NPU OJJHOBPEMEHHOM YBEJUYEHUH TJIOAHA OMIOPHI
B paboueM pexume.
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MHTepecHOe TeXHUYECKOe pellleHue NMpeJCTaBJeHO B naTeHTe [14], rie OoNOpHBIN 3J1eMEHT
OCHallleH CbeMHbIM cpephuyecKMM OCHOBaHMeM. Takasd KOHCTpPyKLuUs obecreyuBaeT OoJiee
paBHOMEpHOe pacnpeje/eHde HarpysoK Ha OIOPHYI0 IIOBEPXHOCTb Y  I03BOJIAET
KOMIIEHCUPOBAaTb HEPOBHOCTH OCHOBAHMU4.

PucyHok 2. OnopHad niimra

TpeTbUM HampaBJieHHUEM COBEPLIEHCTBOBAHHS BBIHOCHBIX ONOP SIBJISIETCS HCIOJIb30BAaHHE
HOBBIX KOHCTPYKIIMOHHbBIX MaTepHaJIOB.

B natenTe [15] mpejJiokeHa KOHCTPYKIMSI OMOPHOW HAKJAJKH, BbIMOJHEHHOW B BHUJE
COOpPHOM CTa/JIbHOM MOJIOW CTPYKTYpPhI, 00J1aatollell BbICOKOW HeCylled CIOCOOHOCThIO MpPH
OTHOCHUTEJIbHO HeboJblIoK Macce. MUcnosib30BaHUE MOJO0OHBIX 3JIEMEHTOB M0O3BOJISIET CHU3UTh
TPYAOEMKOCTb TPAHCIIOPTUPOBKU U YCTAHOBKH OMOPHBIX YCTPOUCTB, YTO 0COGEHHO BaXKHO MpPH
IpOBeJleHU Y aBapUHHO-BOCCTAHOBUTEJIbHBIX PabOT Ha XKeJIe3HOJAOPOKHOM TPaHCIOPTe.
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PucyHok 3. BbicokOnpo4YHasi cTajJibHasi HaKJaJKa
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B nocjegHue roJbl 3HAYUTEJIbHOE€ BHHUMAdHHE YyAesdeTCd MNPUMEHEHHUI0 KOMIIO3UTHBIX
MaTepHraJioB. B 4yacTHocTH, B maTeHTe [16] paccMmaTpuUBaAe€TCA BO3MOXHOCTb H3TrOTOBJIEHHA
ONOPHBIX 3JIEMEHTOB H3 KOMIIO3WTHBIX MATE€pPHUAJIOB Ha OCHOBE YIVIEPDOAHOI'O BOJIOKHaA H
SMOKCUAHBIX CBA3YIOIIHX. Hcnosib30BaHUE TaKUX MaTepHaJIOB TIO3BOJIAECT YMEHbUINUTDL MACCY
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KOHCTPYKIIMHU [IPYU COXPAHEHUU JOCTATOYHOTO YPOBHS IPOYHOCTHBIX XapaKTEePUCTHK.

PesynbraTel ucciaepoBaHui  [17,18] mnoKasbIBalOT, YTO 3JIEMEHTbl KOHCTPYKLUU
rpy30N0JAbEMHBIX MAlllUH, BbINOJHEHHbIE U3 YIJie- U CTEKJOBOJIOKOHHBIX MaTepHUasloB, MOTYT
MMeTb MeXaHHW4YeCKHe XapaKTepPUCTUKH, CONOCTAaBUMble CO CTaJbHbIMU KOHCTPYKLHUAMH, NPU
CYLLLeCTBEHHO MEHbILIEN Macce.

B pesyabraTte ucciaefoBaHuu[17], mosy4yeHo, YTO KOHCTPYKTUBHBbIE 3JIEMEHTHI KpaHa,
M3TrOTOBJIEHHbIE U3 YIVIEPOAHOI'O U CTEKJIOBOJIOKHA UMeeT MeXaHUYeCKUe XapaKTepPUCTUKU Ha
ypOBHe 00pa3LoB U3 CTald, HO MeHblle UX Ha 20%, 4YTO OTKpbIBAeT HOBble BO3MOKHOCTHU
MCII0JIb30BaHUS] HWHHOBALMOHHBIX MaTepHhaJoB B KOHCTPYKLHUSX TPy30NOAbEMHBIX KpPaHOB.
[Togo6HBIN BBIBOJ MOATBEPXKJAEeTCA B UccaefoBaHUM[18] rae KpaH CIpOEKTHPOBAH U3 yIje U
CTEKJIOBOJIOKHA, UMeeT XapaKTEePUCTHUKH, CONOCTAaBUMble C KpaHaMH, U3rOTOBJIEHHBIMU U3 CTaJIH.

[Ipon3BO/CTBEHHbBIE UCIIBITAHUS 00pa310B BLIHOCHOM OMoOphI (MMpaMu/jaibHas 0/ CTaBKa B
cbope), U3TOTOBJIEHHbIX M3 KOMIIO3UTHOI'0 MaTepHaJia - HesioHa MC (cast nylon), o cpaBHeHH1O
CO CTaJIbHbIMU WJIK aJIOMUHHEBBIMU 00pa3ljaMH, NOKa3aiy pe3yJibTaThl, YTO ObICTPOPa3beEMHbIE
BbIHOCHbIE OTOPbI UMEIOT HEeOOJIbINION yaeabHbIH Bec (Tosibko 1,138 r/cm3, yTo Ha 1/7 cocTosT
M3 CTaJu U Ha 2/5 U3 aJlOMUHMUEBOTO CIJIaBa), He TMIPOCKONMUYEH, JIETKO MOHTHUPYETCSd U
TPaHCIIOPTUPYETCS 06CAYKUBAOLIMM [1EPCOHAIIOM U3 IBYX YesoBek[19].

B HopMaTuBHBIX JJokyMeHTax[20] u paboTe[21] npuBoAATCA MaTepUasibl K MEXaHUYECKUM
XapaKTepUCTUKaM KOMIIO3UTHBIX MaTepuasoB (yIJIemJacTUKOB), KOTOpble I0Ka3bIBAKOT
NepCneKTUBHOCTb UX MPAKTUYECKOTO MCIOJIb30BaHUSI B MAUIMHOCTPOEHUHU /[IJIsl U3TOTOBJIEHUS
pabo4KX y3/I0B U 3JIEMEHTOB ONMOPHBIX MEXaHU3MOB KeJIE3HO0POKHBIX KPAHOB.

[IpaKkTHYeCcKU HHTepeC Npe/CTaBAsET TaKXKe IPUMeEHEHHU e NMOJUMePHbIX MaTeprasoB. Tak,
pe3yJbTaThl 3KCIIEPUMEHTA/IbHBIX MCCIEeLOBAHUM NOKa3aJ¥, YTO 3JIEMEHThl BbIHOCHBIX OIOP,
W3rOTOBJIeHHble W3 JUTOro HeisioHa (MC nylon), o6siafal0T MaJioM MJOTHOCTbIO, BbICOKOMU
M3HOCOCTOMKOCTBIO M JOCTAaTOYHOM NPOYHOCTBIO. JTO MO3BOJIAET 3HAYUTEJBHO OOJIErYUThb
MOHTaX Y TPAHCIIOPTHUPOBKY ONOPHBIX YCTPOUCTB [19].

YeTBepTbIM HanpaBJIeHUEM Pa3BUTHS ABJIAETCA pa3paboTKa yCTPONUCTB KOHTPOJIS HAarpy3KHU
Ha OTIOPBHI.

B mnpakTuke 3KCIJlyaTalMM KeJIeSHOJOPOXKHBIX KPaHOB HaOJIlOJeHHe 3a I0JIOXKeHUeM
MAalIMHbl U COCTOSIHMEM OIIOp 4aCTO OCYIIEeCTBJSAETCA C NMOMOLIbI NPOCTEHUIIUX YCTPOWCTB,
HalpyuMep >KHUJKOCTHBIX ypoBHeH. OJHAaKO TakKue CpeACTBA He I03BOJIAIT O00BbEeKTHUBHO
OLIEHWBATb paclpejesieHHe Harpy3ok MexJy onopaMu. B cBfA3M ¢ 3TUM B psdjie NAaTEHTHBIX
pelleHUH NpejJiaraeTcsa UCI0/Ib30BaTh JATYMKHU aBJeHUA U CHCTeMbl MOHUTOPUHTIA HAarpy3KH.
Hanpumep, B natenTe [22] npeaJsioxkeHa KOHCTPYKLMA ONOPHOMN IJIMTHI, OCHAILLEHHOU AATYMKOM
JlaBJIeHUd, TO3BOJIAOILUM HU3MepAThb HArpysKy, nepejaBaeMylo Ha TpyHT. [Ipyu mpeBbliieHuH
JIONyCTUMBbIX 3HAa4YeHUHW CHUCTeMa MOXeT CUTHAaJIM3UPOBAThb ONEepaTopy O BO3HHUKHOBEHUHU
ONaCHOM CUTYaLUH.

B pab6orax [23,24] npeaJio’)keHbl HW3MepUTeJIbHble YCTPOWCTBA, OCHOBAHHbIe Ha
MCII0JIb30BAaHUU JePOpMUPYeMBbIX 3JIEMEHTOB C JaTYyMKaMU ycuaud. [lofo6GHBIE cUCTeMBI
II03BOJIAIOT PErHUCTPUPOBATH HArpy3Ky Ha KaXKAYH0 OINOpYy M MOTYT ObITb MHTErPUPOBAHBI B
aBTOMaTU3WPOBAHHBIE CUCTEMBI YIIPABJIEHUA KPAHOM.

[IpoBeieHHBIM aHA/IN3 TATEHTHBIX UCTOYHUKOB NI03BOJISET C/leJIaTh BbIBOJ, O TOM, 4YTO
OCHOBHBIE HallpaBJIEHHUS COBEPIIEHCTBOBAHUA KOHCTPYKL U BIHOCHBIX OTIOP KeJIe3HOL0POXK-
HBIX KDaHOB CBfI3aHbl C pellieHHeM CJIelyI0IIUX HHXXeHepHbIX 3a/,a4:

- yBeJIMYeHHe IJIOIA/A OTIOPHOM NOBEPXHOCTU U CHUXKEHHUE Y/1eIbHOTO IaBJeHUs Ha TPYHT;

234 Nel(154)/2026 JLH. T'ymunes amoiHdarsl Eypasusi yimmuik yHueepcumeminiy XABAPILBICEI.
TexHUKQIbIK FblAbIMOAP HCaHE MEXHO102USap CePUSIChI
ISSN: 2616-7263. elSSN: 2663-1261



[lepcrieKTHBBI pa3BUTHSI KOHCTPYKLUU BbIHOCHBIX OIOD KeJIESHOL0P0KHbIX KDaHOB

- COBEpIIEeHCTBOBAHHWE TeOMEeTPUM OINOPHBIX 3JIEMEHTOB /s 06oJiee PaBHOMEPHOIO
pacnpejiesieHUs1 Harpys3oK;
- IPUMeHEHHE HOBBIX MaTEepPUAJIOB C IeJIbI0 CHUKEHHsI MacChl KOHCTPYKLIUH;

- BHe/IpeHH e CUCTEeM KOHTPOJISI HArPY30K U YCTOWYHUBOCTH KpaHa.

[TonyyeHHble pe3yJabTaThbl MOCAYKHJIM OCHOBOM [/ NOCJeAyIoLlero Mop¢doJ0oruiecKoro
aHa/M3a KOHCTPYKLMH BbIHOCHBIX ONOP U pa3pabOTKU NMpeJIoKEHUH N0 COBEPIIEHCTBOBAHUIO
UX KOHCTPYKTHUBHBIX cxeM[25].

CyIIHOCTB JAaHHOTO MeTO/ia 3aKJ/II04aeTCcs B NPeJCTaBJIeHUH UCCIelyeMOro 00'beKTa B BUZie
COBOKYNHOCTHU (QYHKLMOHAJbHbIX 3JIEMEHTOB, KaX/bld U3 KOTOPBIX MOXET UMETb HECKOJIbKO

AJIbTEPHATHUBHbLIX BAPHWAHTOB peaJIM3aluH.

®opmMupoBaHre MOpGOJOrMYecKOr TabULbl

M03BOJISIET ONpeAeJUTbh BO3MOXXHble KOMOWHAIMM KOHCTPYKTUBHBIX pelIeHUH U BbISIBUTH
nepcrneKTUBHBIE HANlPpaBJIeHUS Pa3BUTHUSA TEXHUYECKON CUCTEMBI.

B paMkax HacTosilero nuccjaef0BaHUsA KOHCTPYKIMSA BBIHOCHOW OINOPHI »KeJIe3HOJ0POXKHOT0
KpaHa Obljla pacCMOTpPEeHa KaK CMCTeMa, BKJI0Yalolas HeCKOJIbKO OCHOBHbIX QYHKIIMOHAIbHbBIX

2JIEMEHTOB:

- KOHCTPYKTHBHAA CXeMa OIIOPHI;

- THUII OITOPHOT'O0 OCHOBAHHA;

- CI0CO6 coeZIJMHEHUS 3JIEMEHTOB;

- TEXHOJIOTYsI U3TOTOBJIEHHUS;
- MaTepuaJ KOHCTPYKIHH;
-XapaKTep pacnpe/iesieHus 1aBJeHHUs Ha TPYHT;
- C0Cco6 KOHTPOJIsSA yCTOMYMBOCTH.

Tabnauuma 1. Mopdosoruyeckass  KaaccuPUKaLUsi  CUCTEMbl  BBIHOCHBIX  OIOP
»KeJIe3HOLOPOKHOT0 KpaHa
DyHKIMOHA/NbHbBIN BapraHTbl KOHCTPYKTUBHBIX pelleHUuH
3JIEeMEeHT
Tun koHcTpyKUUHU | A1- Az-cbemMHBble | Asz- Ay- As -
BbIHOCHOM  OIOPBHI | CTALLMOHAPH | OOPHI BbI/IBUKHbIE NOBOPOTH | KOMOWMHUPOBAHH
(A) ble OIOPBI ble OIIOPHI | bie ONOPhI
KoHcTpyKuusa Bi-uiockas | bz-kpyriias b3- Bs- Bs-
OIIOPHOT0 OIlIOpHa“d oropa cbepuueckoe |cKJafHadg |NMpaMuajbHas
ocHoBaHu4 (B) IJIUTA OCHOBaHUe OIOpHa“d

IJIMTA
Crnoco6 kpemsieHus | Bi- B2-BTys104HOe | B3-11apHUpHOE coeJuHeHH e
3sieMeHTOB (B) 60JITOBOE coelMHEHHE
coelMHeHHe
TexHosi0rUA ['1-1uThe ['2-cBapHasa ['3- ['4-kOMOUHHPOBaHHAasA
usrorosJsenus (I') KOHCTPYKLIMA | MEXaHUYecKas | TeXHOJIOTUSA
06paboTKa
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MaTepuan - - J3- Ha- Hs-
KOHCTpYyKLuH (/1) KOHCTPYKLM | aJIIOMUHHUEBDI | IOJIUMEPHbIE | KOMIIO3UT | KOMOMHUPOBAHH
OHHas CTaJlb | € CIIJIaBbI MaTepUasbl Hble ble MaTepuaJbl
MaTepuas
bl
XapakTtep E1- miockoe | Ez- E3-
pacrnpepeneHus pacrpesiesie |pacnpejesieH | pacnpejieseHu
JlaBJIEHUS Ha TPYHT | HUe ue yepes | e yepes
(E) JlaBJIeHUs neMndMpyo | MOAY/bHbIE
mue OIIOpHbIE
3JIeMeHTbl 3JIEMEHThI
Crnocob koHTposs | XKi- K

ycrouuBocTU (K) | BU3yasibHBI | aBTOMATHU3UD
Y KOHTPOJIb | OBaHHBIU
KOHTpPOJIb €
MCIOJIb30BaH
ueM
JlaTYNKOB

CoopmupoBaHHass MopdoJsioruyeckass TabJMUIA OTpPaKaeT OCHOBHble KOHCTPYKTHUBHbBIE
NpPU3HAKK BbIHOCHBIX ONOP U MO03BOJISET pPACCMOTPETh IIMPOKUUA CHEKTP BO3MOXKHbBIX
KOMOMHALMN TEXHUYECKUX pelleHU .

Ha ocHoBe aHa/iM3a MaTEHTHbIX peUIeHUH U 3KCIUIyaTallMOHHBbIX TpeboBaHUN K
’KeJIeSHOJOPOKHBIM KpaHaM 6blla cPOpMHUpOBaHA OJHA M3 BO3MOXHBIX KOMOWHALUN
KOHCTPYKTHBHBIX MPU3HAKOB, XapaKTepHU3ylollas MepPCHeKTUBHYI KOHCTPYKLUI BBIHOCHOM
onopsl Tabsnua 2.

Ta6auua 2.- Mopdosiornieckass KOMOHMHALUSA KOHCTPYKIIMA BBIHOCHOM OMOPbI

K1 E1 s I'1 B> bs b3

rae: 2Ki - Bu3dyasbHbIM KOHTpoJsib, Ei1 - miockoe pacnpeneneHve paBiaeHus, /s -
KoM6uHUpOBaHHble MaTepuasbl, [1- TexHOJIOTUS JUTbhs, B2.BTy/no4HOe coenuHeHue, Bs -
NYMpaMuaibHas MO/ACTAaBKa, A3 — BbIIBUKHAsI KOHCTPYKIIUS ONOPbI

[TosydeHHast KOMOMHAIMS XapaKTepU3yeT KOHCTPYKIIMI0 BbIHOCHOM OMOPbI, BKJIOYAKOILYIO
BbIIBIDKHYIO OIOPHYI 06ajiKy, ONOpPHOE OCHOBAaHHWE MUPAMHUAAIbHONU (GOpPMBI U 3JE€MEHTHI,
BbINOJIHEHHbIE U3 KOMOWMHUPOBAHHBIX MaTepuasoB. [I[puMeHeHHe MOA0O6HON KOHCTPYKTUBHOM
CXeMbl TO03BOJIIET YBEJUYUTb IIOMIAZAM ONOPHOM MOBEPXHOCTH, YIYYUIMTH pacnpejieseHue
Harpy3oK Ha IPYHT U MOBbICUTh YCTOMYHMBOCTh KpaHa B IIpoljecce paboThl.

Ucnonb3oBaHue  MOp(OJIOrMYECKOT0  aHalM3a  IMO3BOJISeT  CUCTEMATHU3UPOBATh
CYlIECTBYIOIIME KOHCTPYKTHBHbIE peLIeHUsT U ONpeJleJIMTh BO3MOXHble KOMOHWHAIUU
apaMeTpPOB BbIHOCHBIX ONOpP, 06eCreYBaOIIKE MOBbIIIEHHE YCTOMUNBOCTH YKeJIE3HO0 POXKHBIX
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KpPaHOB B 3KCIJIyaTallMOHHBIX YCI0BUSX.

Ha ocHoBaHuM aHasu3a QYHKIMOHAJbHBIX NPU3HAKOB KOHCTPYKLMUN BbIHOCHBIX OIOP
YKEeJIE3HOJLOPOKHBIX KPAaHOB MOXHO cJeJlaTb BbIBOJ, 4YTO OCHOBHBIMU HWHXXEHEPHBIMU
pelleHMsIMHU, HallpaBJIeHHbIMU Ha YJIy4lIeHUe UX SKCIJIyaTallMOHHBIX XapaKTEePUCTHUK, ABJISOTCA
MepOoNpUsATHUSs], 00eCleuyuBawIlMe CHWXKEHUE V/JeJbHOr0 J[JaBJIeHUsI OINOp Ha TPyHT. IJTO
JIOCTUTAETCs 3a CUET YBeJNYeHHU 10U OMTOPHBIX 3JIEMEHTOB U YJIYUILEHUS CLIETHbIX CBOUCTB
VX KOHTAaKTHOM MOBEPXHOCTH, a TAKXKE 3a CYeT COBEPLIEHCTBOBAHUS BCIIOMOTraTe/IbHbIX ONIOPHbIX
YCTPOWCTB.

[lepcieKTUBHBIM HalnpaBJIEHUEM NOBBIILIEHUS 3KCIJIyaTalMOHHBIX CBOWMCTB
YKeJIE3HOLOPO>KHbIX KPAaHOB SIBJISIETCS WCIIOJIb30BAaHME B 3JIeMEHTAaX KOHCTPYKIMM BBIHOCHBIX
ONOp COBPEMEHHBIX KOMIIO3UTHBIX MaTepUaJIOB, TAKUX KaK YIJIEBOJIOKHO, CTEKJIOBOJIOKHO U
yrjaenaacTuku. [I[pruMeHeHUe OMOPHBIX YCTPOUCTB WU CTAOMJIM3AaTOPOB, HM3TOTOBJEHHBIX W3
JIAHHbIX MaTEpPUaJIOB C YYETOM CBOWCTB IPYHTOBOIO OCHOBAaHMs, MO3BOJIIET CHU3UTH MacCy
KOHCTPYKILIMU U OBBICUTH €€ MPOYHOCTHBIE U SKCIJIyaTallMOHHbIE XapaKTEPHUCTUKU.

PaccMoTpeHre H3BeCTHBIX KOHCTPYKLUK BbIHOCHBIX ONOP MO3BOJIIET ONpEAeJUTb HX
OCHOBHbIE T€OMEeTPHUUYECKHE U CUJIOBbIE TAPAMETPhI, OLIeHUTb 3PPEKTUBHOCTD PA3JIUUYHBIX CXEM
pacKpemJieHUs] U BbIIBUTb NOTEHLMUa/IbHble HaNpaBJieHUs [Jis MOBBbIINIEHHWS YCTOWYUBOCTH
KpaHa. KpoMe TOro, aHaivs cCylieCTBYWOIIMX pelleHUM CO3JaéT OCHOBY JJil NOC/AeAyIoLer
pa3paboTKH NpeAJoKeHUH 0 ONTUMU3ALMU OMIOPHOT0 060PYA0BAHUS U YTOUHEHUS PACUETHBIX
Mo/JieJiel, MPUMEHSIEMBIX NIPU OLIEHKE YCTOWMUYMBOCTH YKEJIE3HOL0POKHbBIX KPAaHOB.
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PucyHok 4. CxemMa pacyeTa ONIOPHbIX HArPy30K

rae , Gu- BeC He MOBOPOTHOM 4acTH KpaHa; P- cusia gelcTBylollas Ha MOBOPOTHYIO 4acThb; R-
paZiiyc TOYKa NPUJIOXKEHUS CUJIbl OTHOCUTEJbHO OCH Bpall€HUS; O — YTOJ OTKJIOHEHUS CTPEIbl
OT OCU K TOPU30HTY; [5- YTOJI OTKJIOHEHHUS CTPEJIbI OT OCH; X0 — PACCTOSIHUS OT LIeHTPa CHMMETPUY;
W- BeTpoBble U UHEPLIMOHHbIE COCTABJISAOLME CUJIb]; H-BbICOTAa OT OCHOBAaHHUS KpaHa.

[Ipu pacueTe yCTOMYMBOCTU >KeJIE3HOJOPOXKHBIX KPAaHOB NPHUMEHSIIOTCA OOIIENpPUHATbIE
MeTOAUKU. OAHOU M3 TaKUX METOJAUK SIBJSETCA pacyeT YCTOMYUBOCTU MO MeToAy[26], B
COOTBETCTBUHU C KOTOPBIM yCJIOBUE YCTOMUUBOCTU pacCMaTpPHUBAETCS HA OCHOBE HOPMAaTHUBHbIX
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Tpeb6OBaHUH C MCNI0JIb30BAaHWEM METO/I0B KUHETOCTATUKH C y4€TOM JI0NOJHUTEJbHBIX YCUJIUHN OT
JAUHAMUYECKUX COCTaBJAKIMX. B JaHHOM cjydyae pacyéT BBINOJHAETCA 10 CXeMe
YeTbIPEXONOPHOM >KECTKOW CHUCTeMBbl C Y4YeTOM YIPYTUX CBOWCTB 3JIEMEHTOB KOHCTPYKLUH,
0ZlHaKO 6e3 y4yéTa peoIoru4ecKrux CBOMCTB 'PYHTOBOI'O0 OCHOBAHHUS.

O6masa CcTpykTypa MeTOAMKU pacyeTa yCTOMYMBOCTH CTPEJOBBIX KPAaHOB pa3IMYHbIX
MoaudUKaLUK Npy paboTe Kak C BBIHOCHBIMUA ONOpPaMM U 6e3 HUX pacCMOTpPEeHA B OTPac/eBbIX
JINTEPATYPHbIX MCTOYHUKAx[27-29]. CiefyeT OTMETUTb, YTO  OCHOBHble MEPONPHUATHUSA IO
obecrieyeHHI0 0€30MAaCHOM  3KCIUIyaTalMU >KeJIe3HOJOPOXKHBIX KPAHOB  U3JIOKEeHbl B
HOPMAaTHUBHBIX JJOKYMEHTAX, OTPAC/eBbIX NI0JIOKEHUA U UHCTPYKLHUAX 3aBOJOB ~U3rOTOBUTEJIEH,
a TakKXe B KJAacCUYeCKUX MeToAuKax pacyeta. OCHOBBI TeOpeTHYECKUX MCCIeL0BaHUN
06a3upylOTCd Ha Y4éTe [OMYyCKAaeMbIX CHUJIOBbIX (AKTOpPOB, BKJIIOYAKIIUX CTaTUYECKHE U
BO3MO>KHble IMHAMHWYeCKHe Harpy3KH, a TaKKe XapaKTepHUCTUKA ONMOPHBIX IJIOLAL0K U YCIOBUU
skcmyatauud. Huxke mnpuBeZieHa ob6uienpuHaTas pacyeTHas cxema (Puc.4) ycroilumBocTH
CTpeJIOBbIX KPAHOB, IPY paboTe YeThIpex KoJiecaX UM Ha BBIHOCHBIX 0nopax[26].

[IpuyeM, 3HaYeHHSA peaKLUU B TOYKE, KOTOPbIM pacCMaTpUBAeTCA ONpeAessalas yca0BUsa
YCTOMYMBOCTH, PACCYUTHIBAETCS 110 BbIpAXKEHUIO[26]:

A_GH+Pl/2+xO+Mcosoc Msinoc_
4 y 21 21 2b ’

Gy 2 — X, cos X sin <
=t P My My
C_GH+Pl/2+xO+ cosoc+Msinoc_

_04 12 21 21 2b
_ Gy — X cos & sin «
D= 2 +lP T T + M T (1)
G 5t Xo b l
Cmaxz_H+P2 (2)

+M +M
4 21 2N b7 C2bVIZ + b2

B ocHOBY noJsio>keHa pacueTHasi cxeMa ¢ yueToM pekoMeHaanuu [30]. CHayasia BbINOJIHSETCS
pacyeT Harpy3ok Ha BbIHOCHbIE OMOPbI B BH/Ie peaKLUH OIOP MOJ, KaXKJ0W BbIHOCHOW OMOPOM.
3aTeM IUIOIIAb OMOPHOU MOBEPXHOCTH MaTa BHIHOCHOM OMOPbI, KOHTAKTUPYIOLENH C TPYHTOM,
UCIIOJIb3YeTCsl [iJIsl ONpejiesieHusl JaBJieHus, IepelaBaeMoro 3TOW BBIHOCHOW OMOPOM Ha
OCHOBaHHMe. BesuyrWHa peakuuid W JaBjeHHE I0J BbIHOCHBIMMU OMOPAaMM 3aBUCAT OT TpeX
dakTOopoB Y, O U 3, U onipeieNIAI0TCS coryiacHO ypaBHeHUsM (3), (4) u (5).

W, + W,
y=——70)
4wy, Ly,
b = W, dg sin 6, + Wd, sin 6, @
Bchlm

_ Wed; cos 05 + W, d cos 65 + (We+We)x )
p= L-wyln,
rae Wc = Bec Hecyllel KoHCTpykuuu; WE - Bec poJieTHOTO CTpoeHus ; dc = paccTosiHHe o
FOPU30HTAJM OT OCH BpallleHHUs Hecylled KOHCTPYKIMU A0 ocd; ds -BpaljeHus KpaHa
(moI0KUTENIbHOE B IIEpeIHEM HAaNPABJIEHUH ); X0 - PACCTOSIHUE 10 TOPU30HTAIH OT OCH Bpall|eHUs
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IPOJIETHOT'O CTPOEHHMS JI0 OCU BpallleHUs] KpaHa; Le-paccTosiHUe MeX/y BBIHOCHBIMHU OMOpPaMHU B
PO0JIbHOM HallpaBJieHUH (OT LieHTpa 10 IieHTpa); Bc -paccTosiHrEe MeX 1y BBIHOCHBIMH OTIOPaMH
OT L[EHTPA; Os - yroJ1 MeX /1y IIeHTPOM TsXKECTU HAJICTPOUKHU U OChIO X; O¢ - yroJl HaKJIOHA HEeCYIero
3ybuyaToro koJjieca; [ - mupuHa MaTa; Im - i71MHA MaTa.

Harpyska Ha KaXAyH BBIHOCHYI OIOPY C Y4e€TOM HCIOJb30BAHUS OMNOPHOM IJIMTHI
BbINIOJIHSIETCA 10 YpaBHeHUsAM (6), (7), (8) u (9) [30].

1
GBP(HpaB.nepe/:[H) =y+ E (¢ - .8)(6)
1
GBP(JIGB.Hepe/Z[H) =Y - E ((;b + ,8)(7)
1
GBP(HpaB.SaAH) =y+ E ((;b + .8)(8)

1
GBP(JI(:‘B.HepeAH) =Y - E ((;b - ,8)(9)
rae, GBP- onopHoe faB/ieHKWe Ha TPYHT

[IperMy111€CTBO 3TOr0 METO/Ia 3aKJII0UAETCS B TOM, UTO OH IMO3BOJISIET ONPE/IeJIUTh 3HAYEeHU s
YIJIOB @, COOTBETCTBYIOIIUMX MaKCMMaJbHbIM 3HA4€HUSIM OINOPHBIX peaKlUi, YTO SBJSETCA
KPUTHYECKH BaXXHBIM JJIs YCJOBUM 3KCIUIyaTauuu. [l TSKeJIbIX KPAaHOB, MCIOJIb3YEMbIX B
aBapUNHO-BOCCTAHOBUTEJbHBIX  pabOTaxX JKeJe3HOJOPOKHBbIX KpPaHOB, PpPEKOMEHAyeTcs
YBEJMYHUTb KOJMYECTBO OMOPHBIX TOYEK, UTO JJOPKHO MOBBICUTh UX YCTOMYHUBOCTb. OZJHAKO, Ha
NpaKTHUKe, HalpuMmep, B KeJe3HOAOPOXHbIX KpaHax EJ/IK-2000, sToT Bompoc peliaerca
yBeJINUEeHUEM PACCTOSTHUA MeX/y ONIOPHBIMU IJIOLAAKaAMMU.

[IpyyrHaMy NOTEpPU YCTOWYMBOCTU >KEJe3HOLOPOKHBIX KPaHOB SBJIAETCS COBOKYIHOCTH
Cy4alHbIX TPYAHO TMPOTHO3UPYeMbIX (AKTOpPOB, BKJOYAasi HEHOPMATHUBHbIE PEXHUMBI
Harpy»keHus, KOHCTPYKTHMBHble W TEXHOJIOTUYeCKHNEe OCOOEHHOCTH OIOPHBIX YCTPOUCTB,
NOAKPaHOBBIX MaowafoK. K yuciay noo6HbIXx GaKTOPOB OTHOCATCA JUHAMUYECKUE HarpysKH,
BO3HUKAIILUe NpU paboTe KpaHa B peXUMaxX NoJbeMa U OIMyCKaHUA Tpy3a, WHEPLHOHHbIEe
BO3/IeHCTBUSA IPY30B, a TaK:Ke BeTPOBble Harpy3ku. OLleHKa BO3MOXXHOM NOTEPU YCTOMYUBOCTHU
KPaHOB BBIINOJIHAETCS HA OCHOBE NIPUHATBIX paCYe€THBIX CXeM [0 KPUTEPUAM ONPOKU/bIBAHUSA B
CTOPOHY Tpy3a WUJA B CTOPOHY NPOTHMBOBECa, C Y4YeTOM NPOCTPAHHCTBEHHOTO MOJIOXKEHHUA
cTtpesbl. [lnsd pelleHUs NAHHOW 3aJlauu NMPUMEHSIOTCA pa3/iMuHble MaTeMaTHYeCcKue MOJeJH,
OCHOBaHHble Ha COCTAaBJIEHHM ypaBHEHUS MOMEHTOB OTHOCHUTEJbHO pebpa ONMpOKHbIBaHMS,
KOTOpOe B 00111eM BHU/J€e 3alIUChIBAETCS CAeAYIOLUUM 06pa3oM [26]:

MKp = ?lei(Fi) (10)

rae, My,- MOMEHT OT 3KCIUIyaTal[MOHHOTO (COGCTBEHHbIM BeC KpaHa, NPOTHBOBEca) Beca
KpaHa;

Y'M;- cyMMa MOMEHTOB OT BceX CUJI F; , IeCTBYIOIIMX HA KPaH.

Ha ocHOBaHMAX pacCMOTPEHHOW METOAMKH HHUXKe IpPHUBEJleH pacyeT YCTOWYHUBOCTHU

Kesie3HoZopokHOro KpaHa E/IK-2000 gs11 OUeHKA NPUMEHUMOCTU TNPUHATOM METOJUKH C
y4eTOM 0COOEHHOCTU UCMO0JIb30BaHUS KeJIE3HOA0POKHbIX KPDAHOB B YCJIOBHUSAX IKCILJIyaTaLUH.
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Pe3y/nbTaThl U 06CYKAEeHHUe

[l aHanM3a ycTOMYMBOCTU paccMaTpuBaemoro kpaHa EJIK-2000 B pa6oTe BbINOJIHEH
pacyeT o JAHHOU MeTOAMKe, OCHOBAHHbBIM Ha UCII0JIb30BaHUHU OCHOBHBIX IapaMeTpPOB KpaHa U
ero MaKCHMMaJIbHOM TPy30I0LbEMHOCTH, NPUBEJEHHbIX B TeXHUYECKOM Iacnopre. McxonHble
JlaHHble KpaHa JIJil pacyeTa pe/cTaBJ/eHbl B TabauLe 3.

Tabsinna 3. Kondpuryparnus xesie3HoopoxkHoro kpaHa (EZIK-2000)

Onucanue napaMeTphbl

Macca kpaHa 260T
Macca rpysa 100 T
BeLieT cTpeJibl 19 M
BricoTa nogbéma Kproka 17 m
PaccTosanue Mexay nepeHUMH U 33 JHUMHU

onopamu 8500 m
Pacctoanuve Mexay JieBBIMAU U IpPaBbIMHU 7500 m

onopaMu KoopMHaThI LIeHTpa TAXKECTH KpaHa 15,22 m
Pazmep onopHOW MJIATHI 2,5x 3,2 M
KosimuecTBo onop 4
JonycTtruMoe JaBJjieHMEe TPyHTa 200 klla

B pe3ynbTaTe npoBe/leHHBIX pacyeTOoB M0JIyY€eHbI Celylolie 3Ha4ueHU peaKIjMil BBIHOCHBIX
onop: R1- nepenuas sieBasd onopa 2204 kH; R2-niepegHsasa npasad omnopa -2204 kH; R3-3agHa4
npasas onopa-438 kH; R4-3agHasa yieBasa onopa-438 kH. /laBieHre Ha IpyHT OllpeJesieHO MpHU
cleAylIIUX NapaMeTpax: IJIOLIaJb OMNOPHOM MmauMThl A= 8 M2 , MakcHMaJibHasi peakLus
Rmax=2204 kH. YnenbHoe pnaBienue p=276 klla, npu gonycrumom aasaeHuu p=200 klla.

Tabsnna 4. Peakuiuu onop

ONOpBbI peakyyu onop
R1- nepepHss jieBas onopa 2204 xH
R2-nepenHsas npaBas onopa 2204 xH
R3-3a1Hs4 npaBas onopa -438 xkH
R4-3a1H44 sieBas onopa -438 kH.

Takum o6pa30M, B npe,qnaraeMoﬁ pa60Te B KauecTBe 06'beKTa HCCieJ0BaHHUA YCTOﬁqHBOCTH
KeJIeSHOAOPOXKHBIX KPAaHOB BbIIIOJIHEH KpaTKHfI dHa/In3 HCC/IeJ0BaHHA 110 YCTOIjl‘{I/IBOCTI/I

KeJIe3HOJOPOXKHBIX KPAaHOB C BbBIHOCHBIMH OIIOPAMHM.
AHanu3s npeaBaprTE/JIbHbIX paC4e€TOB YCTOP'I‘{HBOCTPI KeJIeESHOOOPO}KHBIX KPaHOB ITOKa3aJl,

YTO peakIUH BbIHOCHBIX OnOp (TabJsiuna 4) aAJis1 6a30BOT0 BapyMaHTA KeJe3HOJ0POKHOT0 KpaHa
E/JIK-2000 vMeroT 3Ha4yeHUs, NpeBbILIAOIIME AONYCTUMOE laBJIeHUe Ha TPYHT.
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13 mosiy4eHHBIX JAHHBIX MOXXHO 3aKJKYWUTb, YTO JJ NPUHATBIX YCJOBUM XapaKTepHO
HepaBHOMEpHOe paclnpezie/ieHhe Harpy3okK IO BBIHOCHBIM omnopaM. MakcuMa/ibHOe 3HadyeHUe
peakiyii onop HabJII0aeTcsl Ha epeJHUX OMOpax U cocTaBasAeT Rmax=2204 kH npu Harpy3ke Gg
=981kH.

[Ipu aHHBIX YCIOBUSAX CYLLeCTBYeT BEpOATHOCTb OTPbIBA 3alHUX OIIOP, YTO MOXKET IPUBECTHU
K ONPOKU/BIBAaHUIO KpaHa B CTOPOHY HoabeMa rpy3a. [lpy miowaau onopHod mauTel A= 8 M2
yZeJbHOe JjlaBeHue coctasseT, p=276 klla npu gonyctumom 3Hadenuu p=200 klla.

[losiydeHHbIe pe3y/ibTaThl pac4eTOB CBUETE/NbCTBYET O NPEBbIIIEHUA HOPMAaTUBHOIO
3HAUYEeHUs yJleJIbHOrO JaBjeHud Ha IpyHT gJud kpaHa E/JIK-2000, yTo MoXeT cTaTh NPUYUHOU
HapyLIeHHs YCTOWYUMBOCTU KpaHa B YCJI0BHUAX IKCIUIyaTal M. B cOOTBETCTBUM C HOpMAaTUBHbIMU
JaHHBIMU JI0NyCKAETCA NPEeBbIlIeHHe YA eJbHOro AaBJeHus AJid KpaHoB Lo 800 kIla.

OfHaKo CHMKeHHe 3Ha4YeHU U CUJI peaKLiuY 33JHUX IPAaBOM U JIEBOM OTIOP CBUAETEJNbCTBYET O
BEpPOATHOCTH HApyLIeHUd YCTOMYMBOCTH KpaHa INpU MOABJEHUU [ ONOJHUTEJTbHBIX
JAUHAMUYeCKUX Harpy3ok. K TakuMm HarpyskaM OTHOCATCA WHEPLUOHHBbIE BO3JEeHUCTBUA IIPU
paboTe, BeTpOBble HAarpy3KH, a TaK)Ke BJMSHHE PEOJOTUYECKUX CBOWCTB I'PYHTA Ha peakL Mo
onop.

B pacyeTax BBIHOCHBIX ONOp KpaHOB BJIMsIHUME JepOopMHUPYEMOCTH OCHOBAHHUS OOBIYHO
YYMTBIBAETCA 4Yepe3 YIpPYroljacTUYecKyl0 MoJiesb IpyHTa BuHKJIepa, corziacHo KOTOpPOM
peakuys onophkl ONpeesseTcss He TOJbKO CTaTUYeCKUM COCTOSIHUEM KpaHa, HO U 0CaJIKOU OIOpbI
[4]. locnenHsst oka3blBaeT BJIMUSIHME HA YCTOMYMBOCTb KpaHa, BCJEACTBUE JONOJHUTEIBHOTO
M3MEHEeHUs yIJla ONOPHOM IJIOCKOCTU BBIHOCHBIX OIOpP, YTO COIJIaCyeTcd C [JaHHbIMU
uccaenoBanui [4,30].

[IprBeseHHbIE JaHHBIE IOKA3bIBAIOT, YTO y4eT HeJIMHEHHOU MO/Zie/IM OCHOBAaHUA NPUBOAUT K
M3MEHEHHIO YIJIa HAaKJIOHA ONIOPHOM CUCTEMBI M NOATBEPXKAaeT He0OX04UMOCTh y4eTa JaHHOIO
dakTOopa Npu pa3paboTKe WHKEHEPHBIX MEPONPUATHH.

Ucxona M3 noJiydeHHbIX pe3ysJbTaTOB MCCIeL0BAaHUA YCTOMYMBOCTHM KpaHa, HEOOXOJMMO
paspaboTaTe pacyeTHYH JUHAMHUYECKYI MOJeJb >KeJe3HOLOPOXHbIX BOCCTAHOBUTE/BHBIX
KPaHOB C y4€TOM CTPYKTYpbl TPYHTA U BJUAHUA JUHAMUYECKUX HAarpy30K Ha UX YCTOMYUBOCTD.

B LiesioM paccMOTpeHHble MCCAeJ0BaHUs OTPAXKAIOT 3HAYUTEJIbHBIA NpoOrpecc B 006JIaCTH
MO/ZIeJINPOBAHUA U ONTUMH3ALMH, OAHAKO HEJOCTAaTOYHO BHHMMAaHUSA YAeJAIT NPAKTUYECKUM
OTpaHUYEHHAM B3aUMOJEHNCTBHUIO ONOPHBIX CUCTEM C TPYHTOM, JIMHAMHUYeCKHUM BO3/eHCTBUAM U
cneqMprKe 3KCIUIyaTAllMM >KeJe3HOJLOPOXKHBIX KPAHOB. YKa3aHHble IPOOesbl OINpesessioT
HEeOO0XOAMMOCTb Ja/IbHEWIINX HCCAeOBaHUM, OpPUEHTHPOBAHHBIX Ha peaJbHble YCJI0BUA
9KCIJIyaTallMM YU KOHCTPYKTHBHbBIE 0COOEHHOCTH CIeliMa/IM3UPOBAHHBIX ONIOPHBIX CUCTEM.

3ak/iloyeHue

B pe3yabTaTe uccaeoBaHUS, OJAHUM M3 pellalOIMX KOHCTPYKTUBHBIX 3JIEMEHTOB,
onpeAes X YCTOMUMBOCTb U 3KCIJIYaTallMOHHYIO HaJl€KHOCTD KeJIe3HOJOPOXKHbIX KPaHOB,
SIBJISIIOTCSI BBIHOCHbIE OMOPbI, KOTOPbIM BOCIPUHHUMAIOT OCHOBHYIO YaCTb HAarpy3kKd B paboyeM
pexxruMe U GOPMUPYIOT ONIOPHBIM KOHTYP KpaHa.

[lepcneKTHBHBIEe  HaNpaBJIEHUS  COBEPIIEHCTBOBAHUS  KOHCTPYKLMH  COBpPEMEHHBIX
BbIHOCHBIX OIOP K€eJIE3HOJOPOXKHBIX KPAHOB MOTYT OBITh CUCTEMATU3UPOBAHBI N0 CJeAYIOLUM
YeTbIpEM OCHOBHBIM IpynnaMm:

- pa3paboTKa KOHCTPYKLUK ONMOPHBIX YCTPOWCTB JIJ11 CHUXKEHUSA y/leJIbHOTO AaBJIeHUS Ha
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TPYHT 3a CYeT YBEJIMYEeHHUS IJIOLWAAM OMNOPHBIX 3JIEMEHTOB U YJYy4lleHUS CLUEeNHbIX CBOWCTB
KOHTAKTHOU IIOBEPXHOCTH;

COBEPIIEHCTBOBAHUE T€OMETPUU U KOHCTPYKTUBHOU KOHQUTypalMi OMOPHbBIX 3JIEMEHTOB,
obecneyuBawIux 6osiee 3¢PeKTUBHOE pacnpe/ie/leHue Harpy3oK;

- MCN0JIb30BaHWE COBPEMEHHBIX KOMIO3UTHbIX MaTePHUaJOB PU U3rOTOBJIEHUHU 3JIEMEHTOB
BbIHOCHbBIX OIOP, MO3BOJISIIOIIMX CHU3UTh MacCy KOHCTPYKIMU MPU COXPAaHEHUH HEOOXO0JUMOU
IIPOYHOCTH U XKECTKOCTH;

- pa3paboTKa [AUATHOCTUYECKUX YCTPOWUCTB /JJisi KOHTPOJII Harpyskd Ha OMNOpPbl U
MOHUTOPHHIA yCTOMYUBOCTHU KpaHa B IIpOLiecce 3KCIJIyaTalHH.

Ha ocHOBaHMM aHa/IM3a K/II0YEBBIX TEXHUYECKUX [TapaMeTPOB U 3KCIJIyaTalluOHHBIX CBOMCTB
ONOPHBIX CHUCTEM paspaboTaHa MopdoJsioruyeckas MaTpUlla, MO3BOJISOIIAS ONpeAeJUThb
BO3MO>XHbI€ HallpaBJIeHUS UX JajJbHeNIleld ONTHMHU3aLUU ONTOPHBIX YCTPOUCTB.

YkasaHHble 06CTOSITE/NbCTBA OMNpPEESI0T HeoOXOAMMOCTb [AaJbHEUIINX HCCAe[J0BaHUH,
HamnpaBJIEHHbIX Ha pa3paboTKy 6oJiee COBepPIIEHHbIX KOHCTPYKTHUBHbBIX pelleHWH BbIHOCHBIX
OMOp, a TaKXKe HAa YTOYHEHHE PACUYETHBIX MO/JieJIed YCTOMYUBOCTH KeJIe3HOA0P0KHBIX KPAaHOB.

YcTaHOBJIEHO, YTO NEPCHEKTHBHBIM HalpaBJIeHUEM Jla/IbHEUIIMX UCCIeJOBAHUM SIBJISETCS
paspaboTKa pacyéTHOM AWHAMHUYECKOW MOJeJM YCTOMYHMBOCTH >KeJIe3HOJAOPOKHbIX KPAHOB,
YYATBIBAOLIEN TE€OMETPUI0 OMOPHOrO KOHTYpPA, XapaKTEPUCTHKHU TPYHTOBOrO OCHOBAaHHUA U
JIMHaMUYeCKHUe Harpy3Ky, BO3HUKAIOL[KMe TPU BbINOJHEHHUH I'PY30M0JbEMHBIX ONlepalUH.
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TeMip>koJ/1 KpaHAAPBIHBIH, IIBIFATBIH TipeKTePiHIH, KOHCTPYKIUACBIH AAMBITY
nepcneKTUBaJaapsbl

AngaTtna. MakasiaZia TeMipKoJ1 KaJlllblHa KeJITipy KpaHAapbIHbIH, TYPaKTbLIbIFbl MEH

naijjasiany KayincisZiiriH KamMTaMachl3 eTy MaceJseCi KapacTblpbliFaH. Tuey-TacbiManzay
olnepanusaaapbiH OpbIH/ay Ke3iH/le KpaHHbIH TYPaKTbhIJIbIFbIH aHbIKTAWThIH HETi3ri TyHiHAepiHiH
6ipi Kyl »KyKTeMeJsiepiHiH Heri3ri 6eJiiriH KabbLIJAaWTBbIH >KoHe TipeK 6eTiHe KailTa Gesyni
KaMTaMachI3 eTeTiH WbIFAaTbIH TipeKTep 00JbIN Tabbl1a/bl. 3epTTEY/iH MaKCcaThbl TEMIPXKOJI XKYK
KOTeprill KpaHZapbIHbIH WILIFATbIH TipeKTePiHiH, CbIHAAPJIbI MeliMAepiH Taaay KoHe 0JIapAbl
CbIHJApJIbl KEeTINAIpYAiH TNepCleKTUBAJIbIK OaFbITTapblH Herisgey O6oJibll  TaObLIaJBbI.
KosianbicTarbl TeXHUKaJIbIK LIelliMJepAl NAaTeHTTIK Tajjay Heri3iHJge Kasipri 3aMaHFbI
LIBIFAThIH TipeKTep/iH KOHCTPYKLUAJIAPbIH MbIHa/lak TONTApFa XKIKTey YChIHbLIbL: TONbIPAaKKa
YJeCcTiK KbICbIM/Ibl TOMEHJeTyre apHa/JfaH XyWesep; KOHQUIYpauusCcbl MEH OpHaIacybl
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OOMBbIHIIA  epeKlleJeHeTiH  KOHCTPYKLMAJAp;  KYMbIC  3JIeMEHTTepiHJe  3aMaHayu
MaTepuaaZapAbl NaWJasaHy[bl Ke3JeWTiH LWeliMaep; KYMbIC MpOLeCiHAe KpaHHBIH,
TYPaKTBUIbIFbIH 0OaKbliay KypbUIFbIApbIMEH abAbIKTa/lfaH XKyHesep. besiHren xiktey
OesarinepiHiy, HerisiHJle KalUbIKTaFbl TipeKTepZi KOHCTPYKTUBTI OpbIHAAYAbIH MYMKiH
HYCKaJIapblH CUHTEe3/eyre, api Kapailfbl 3epTTeysep/iiH, OaFbITbIH HETi3/IEyre >XKoHE 3epTTey
O0ObeKTICiHIH, Heri3ri mapaMeTpJiepiH aHbIKTayFa MYMKiH/iK 6epeTiH MOpQoJOTUAIBIK KecTe
Kypbliabl. lIbiFaTeiH TipekTepi 6ap TeMipoJ KpaHJApblHbIH TYPAaKTbLIbIFbIH €CeNnTey/iH
KOJIJAHbICTaFbI dflicTteMeJiepiHe Ca/IbICTbIpMaJIbl Tangay Kyprisiiai. OJstapablig
KOHQUTYpaLUSAChIH OHTAaWJIaHABIPY »K9HEe 3aMaHayu KOMIIO3UTTIK MaTepuaiAapAbl KoJJaHy
apKpbLJIbI TipeK 3JIeMeHTTEPiHiH TUIMAIIITIH apTThIPY epCleKTUBaChl KOPCETLITeH.

TyiiH ce3aep: TeMipXKoJ KpaHZAAapbl, LIBIFAaTbIH TIipeKTep, TYPAKTbUIBIK, ayTpUrep,
KOMIO3UTTI MaTepuasiap, MOpPOJIOTUSJIBIK XKIKTeY, TIpeK peakLysaaphbl, eCenTey CXxeMachl.

G.B. Khayitbayeval, A.]. Murzagaliev?, B.T. Sazambayeva!l, G.M. Ordabayeva?
Zh. Kossybayev1

IL.N. Gumilyov Eurasian National University, Astana, Kazakhstan.
2Aktobe Regional University named after K. Zhubanov, Aktobe, Kazakhstan.

Prospects for the development of the outrigger designs for railway cranes

Abstract. This article examines the issue of ensuring the stability and operational safety of
railway recovery cranes. It demonstrates that one of the key components determining the crane’s
stability during loading and transport operations is the outriggers, which absorb the majority of
the forces and ensure their redistribution to the supporting surface. The aim of the study is to
analyze the design solutions for outriggers of railway lifting cranes and to identify promising
directions for their design improvement. Based on a patent analysis of existing technical solutions,
a classification of modern outrigger designs has been developed into the following groups: systems
designed to reduce unit pressure on the ground; designs differing in configuration and layout;
solutions involving the use of modern materials in working elements; systems equipped with
devices for monitoring crane stability during operation. Based on the identified classification
criteria, a morphological table was created, allowing for the synthesis of possible design variants
for outriggers, justifying the direction of further research, and determining the main parameters of
the research object. A comparative analysis of existing methods for calculating the stability of
railway cranes with outriggers has been carried out. The prospect of increasing the efficiency of
the support elements by optimizing their configuration and using modern composite materials is
shown.

Keywords: railway cranes, outriggers, stability, outrigger, composite materials, morphological
classification, support reactions, calculation model.
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Enhancing user experience through advanced sentiment analysis
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Abstract. The rapid growth of user-generated textual content on social media
platforms, messaging applications, e-commerce websites, and online services
has increased the importance of automated sentiment analysis for
understanding public opinion and improving digital services. The aim of this
research is to investigate modern Natural Language Processing (NLP)
approaches for sentiment analysis and to develop an effective method for
analyzing and summarizing consumer reviews in order to enhance user
experience. The scientific significance of the study lies in exploring advanced
machine learning and deep learning techniques for processing large volumes of
unstructured textual data and identifying emotional patterns in user feedback.
The research methodology includes text preprocessing, tokenization,
vectorization using transformer-based representations, and sentiment
classification using Long Short-Term Memory (LSTM) models and machine
learning algorithms. The results show that deep learning models improve the
accuracy of sentiment detection and enable more reliable analysis of user
opinions expressed in textual data. The findings contribute to the development
of efficient analytical tools for sentiment analysis and provide practical support
for businesses in understanding consumer preferences and improving the
quality of digital services.

Keywords: sentiment analysis, natural language processing, user experience,
LSTM networks, text classification.
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Introduction

Sentiment analysis systems apply natural language processing and machine learning
algorithms to text data. Preprocessing steps like tokenization and part-of-speech tagging prepare
the data. For machine learning techniques, systems are first trained on annotated sentiment data.
Then, they apply that knowledge to determine the sentiment in the new text. Systems might
examine word choices, grammar constructs, and linguistic patterns to gauge sentiment. Various
methods and models exist to leverage in sentiment analysis, each has its pros and cons, and most
suitable cases to be efficient [1].

BERT (Bidirectional Encoder Representations from Transformers): Used for tasks like text
classification, named entity recognition, and question answering [2]. Additionally, RoBERTa,
DistilBERT, and XLNet were examined for performance in recognizing emotions in text. The
models successfully recognized emotions expressed in written text, such as joy, humiliation, guilt,
fear, anger, disgust, and sadness. ROBERTa achieved the top accuracy score of 0.74. The model
needs to be made more general [3].

A hybrid method based on attributes to analyze consumers' intelligence by detecting
characteristics through POS tags. The method needs to identify a greater number of subjects that
cover all attributes while reducing computational expenses. Additionally, the research should
encompass short text categorization and hybrid approaches, while also removing human labeling
of attribute specific words in current lexicons [4].

A classification system based on specific factors with the use of Long-Short-Term Memory
(LSTM) models [5]. LSTM by incorporating a combination of LSTM and a recurrent add-on
network.

A combination of ARM techniques to extract characteristics is an option as well, with the
possible five different strategies to utilize them. Due to the context disregarding implicit words,
only explicit elements were retrieved [6]. The F-measure reached 75.51 percent. Challenges in this
approach: Certain elements of the hybrid association rule mining prove challenging to manage in
real-world scenarios.

The methodology

Sentiment analysis (SA) techniques, such as the SentiDiff algorithm, integrate sentiment
diffusion patterns with textual information to improve sentiment analysis outcomes on Twitter
datasets [7]. A process called sentiment reversal and identified multiple intriguing features linked
to sentiment reversals [8]. Then examining the links between text content in Twitter posts and
how emotions spread to forecast sentiment orientations from Twitter posts. Extensive tests on an
actual dataset demonstrate that the suggested method enhances the area under the Precision-
Recall curve for Twitter sentiment analysis compared to current SA techniques that are based on
textual information [9].

Zhu et al. propose SentiVec as a method for optimizing sentiment word embedding kernels
[10]. The initial stage of the study includes supervised learning, while the subsequent stage
involves unsupervised updating models such as O2SR and C20R [11]. Experimental results show
that sentiment vectors with the best performance can accurately capture both semantics and
sentiment in comparison to baseline methods, exceeding their performance on tasks like word
analogy, similarity, and sentiment analysis [12].

Aspect-based sentiment analysis (ABSA) techniques includes a framework for text processing
that could summarize reviews [13]. Within this framework, the goal is to identify the broad
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categories mentioned in review sentences. There are two methods to achieve this. The initial
method suggested is an autonomous process that identifies aspect categories by utilizing
association rule mining on co-occurrence frequency data derived from a corpus. The proposed
unsupervised technique exceeds many simple baselines with a 67 percent F1-measure. Alternative
ABSA hybrid method for examining smart app review entities by combining domain lexicons and
rules. This approach involves the use of language processing methods, rules, and lexicons to tackle
various difficulties in sentiment analysis, leading to the creation of condensed outcomes [14]. The
accuracy of aspect extraction sees a significant improvement when implicit factors are considered
[15].

A method called Cross-Lingual Sentiment Classification to create a detailed aspect-level system
by aligning topics across groups [16]. The AOS model combines aspects, opinions, and sentiments
in reviews across different domains using a coarse alignment method to improve latent feature
representation [17]. To enhance AOS further, a partly supervised AOS model that utilizes labeled
data from the source language to minimize the discrepancy in feature representations between
two language domains through logistic regression. Findings from extensive experiments on
various multilingual product review datasets show that this method surpasses multiple cutting-
edge methods by a wide margin [18]. There was a major challenge in sentiment analysis by
addressing the presence of bipolar words in SA to enhance aspect-based sentiment analysis. The
root is analyzing how words shift in meaning based on context, how this affects product ratings,
and specific aspects, yielding notable findings [19].

Another automated approach to analyzing sentiments of evolving elements in customer
reviews collected from various sources via web scraping to address the cold start problem. The
accuracy of the system was enhanced by the addition of new stop words. Another method relies
on three broad stages divided into multiple detailed operations. In the initial phase, the
preliminary polarity lexicon and aspect word sets, serving as representations of aspects, are
chosen to extract existing domain knowledge from the dataset [20]. These two resources are used
as basic input for an expectation-maximization algorithm that calculates the likelihood of a word
considering its aspect and emotion.

Deep learning-based SA methods have been utilized in the field of sentiment analysis to
enhance effectiveness in recent times [21]. The initial end-to-end semi-supervised Multi-task
Learning framework (SEML) for conducting ABSA on user reviews. Aspect mining and aspect
sentiment classification in ABSA are both taught simultaneously in a combined session. SEML
generate unified representations of reviews from a combination of three stacked and bidirectional
neural layers. MAGRU enhances GRU by incorporating the moving-window attention mechanism
to capture extensive contextual information. The suggested model incorporates Cross-View
Training (CVT) to train additional prediction modules on unlabeled reviews, improving
representation learning.

The proposed novel model, named Attention Emotion Enhanced (AEC)-LSTM enhances the
LSTM network performance by integrating an attention mechanism and emotional intelligence.
Initially, a new type of LSTM network is introduced, called ELSTM, that incorporates emotions to
improve learning by utilizing an emotion modulator and estimator to boost the feature learning
capacity of LSTM networks. With combined ELSTM with additional processes such as convolution,
pooling, and concatenation it offers an improved depiction of diverse structural patterns in textual
sequences. Next, the weight of hidden representations of text is adaptively adjusted through the
use of the topic-level attention mechanism.
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Pre-processing, identification of aspects, analysis of polarity, and categorization of sentiment
are all stages of the model being suggested. Initially, the demonetization tweets from the Kaggle
data set was collected and prepared. Aspect extraction is utilized to extract sentiment words from
processed data. Through the use of polarity measure calculation and Word2vec, these identified
aspect words are converted into attributes. The polarity measures were improved by combining
the FireFly Algorithm (FF) and Multi-Verse Optimization (MVO) to create a new algorithm named
FireFly-oriented Multi-Verse Optimizer (FF-MVO). Next, the combined features are fed into a
Recurrent Neural Network (RNN) to classify sentiments as either positive or negative.

A common use for a sentiment analysis model is to determine if a text conveys positivity,
negativity, or neutrality. However, this process typically requires access to plain text, which can
potentially raise privacy concerns. Fully Homomorphic Encryption (FHE) permits performing
calculations on encrypted data without requiring decryption beforehand. This makes it ideal for
situations where a user's personal and possibly confidential information is in danger (such as
analyzing emotions in private messages). Initiating the process by bringing in the necessary
materials for transformers. To utilize the well-known library by Hugging Face to swiftly obtain a
transformer. The BERT transformer model was selected, as shown in Fig. 1.

import torch
from transformers import
AutoModelForSequenceClassification, AutoTokenizer

device = "cuda:0" if torch.cuda.is available() else
Hcpu"

# Load the tokenizer (converts text to tokens)
tokenizer =

AutoTokenizer.from pretrained("cardiffnlp/twitter-rober

ta-base-sentiment-latest")

# Load the pre-trained model

transformer model =

AutoModelForSequenceClassification. from pretrained(
"cardiffnlp/twitter-roberta-base-sentiment-latest"

Figure 1. Downloading the model that ready to be used [22]

Tokenizing involves dividing the text into tokens and assigning a numerical value to each one
as demonstrated in Figure 2. After that, we input the tokenized text into the transformer model,
which generates a hidden representation, which result of the self-attention layers that are
frequently utilized as input in the classification layers for each individual word. Ultimately, we
calculate the mean of the word representations to obtain a representation at the text level. The
outcome is a matrix with dimensions -number of samples, hidden size. The hidden size refers to
the number of dimensions in the hidden representation. BERT has a hidden size of 768. The
concealed representation is a numerical vector that depicts the text and can be applied to various
tasks as shown in Fig. 3. In this instance, we'll employ it for classification using XGBoost later.
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def text to tensor(
list text X train: list,
transformer model:
AutoModelForSequenceClassification,
tokenizer: AutoTokenizer,
device: str,
) —-> np.ndarray:
# Tokenize each text in the list one by one
tokenized text X train_split = []
tokenized text X train split = [
tokenizer.encode (text _x train,
return_ tensors="pt")
for text x train in list text X train
1|

Figure 2. Downloading the model that ready to be used [26]

# Let's vectorize the text using the transformer
list text X train = text X train.tolist()
list text X test = text X test.tolist()]

Figure 3. Vectorizing the text using transformer [22]

After preparing our training and test sets for classifier training, the next step is to train our
Fully Homomorphic Encryption (FHE) model. It will be simple to do with a hyper-parameter tuning
tool like GridSearch from scikit-learn. The output is as follows in Fig.4:

Best score: 0.8378111718275654
Best parameters: {'max depth': 1, 'n bits': 3,
'n estimators': 50, 'n jobs': -1}

Figure 4. Received output [22]

Now, we will make predictions on encrypted text. The concept is to encrypt the transformer's
output instead of the original text. By enabling execute_in_fhe=True in the predict function in
Concrete-ML, you can accomplish this task swiftly which is demonstrated in Fig. 5. This feature is
specifically for developers to test the execution time of the FHE model. Further along, we will
explore how to successfully implement this in a deployment environment and get the results as
shown in Fig. 6.

start = time.perf counter ()

decrypted proba =

best model.predict proba(X tested tweet,
execute_in fhe=True)

end = time.perf counter()

fhe exec time = end - start

print (f"FHE inference time: {fhe exec time:.4f}
seconds")

Figure 5. Predicting with FHE over a single tweet, including the estimated time [22]
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Probabilities from the FHE inference: [0.08434131
0.05571389 0.8599448]

Probabilities from the clear model: [0.08434131
0.05571389 0.8599448 ]

Figure 6. Read output [22]

The total settlement was (1.64) mm at a load of (100) tons (working load) and the total
settlement was (6.46) mm at a load of (200) tons (equal to 200% of working load) in the second

In today's world, we are encompassed by a variety of gadgets for recording, such as
smartphones, computers, tablets, smartwatches, and video cameras, among others. Yet, traditional
methods for handling signals from multiple devices cannot be used together due to the
requirement of simultaneous recording. Currently, microphone array processing available for
purchase is constrained to using a single device with all microphones mounted on it.

Depending on your preferred method of analysis, sound can be broken down into several
parts. We will divide sound into two primary categories for the purposes of this article: amplitude
and frequency. Pitch, Formant, Bandwidth, Sampling Rate, and other components (overtones,
harmonics, etc.) can be further separated out of the frequency components. Amplitude, as
previously mentioned, controls a sound's volume. Sound wave strength is measured by loudness.
The amount of energy a sound has over a space is its intensity. If you hear the same sound in a
smaller space, it sounds louder. Higher intensity noises are generally referred to as louder.
Therefore, amplitude is a measurement of energy. The amplitude of a wave increases with its
energy. Intensity rises in tandem with amplitude. The number of samples a sound contains per
second is its sample rate, also known as sampling frequency. For instance, a recording lasting five
seconds will have 20,000 samples if the sampling rate is 4000 hertz. Pitch refers to the frequency
at which the waveform repeats itself, which is the fundamental component of sound. As an
example, there is a tool DeepSpeech, which provides qualitative performance. It starts with
initiation, as in Fig. 7, it is important to consider that only 16 kilohertz (kHz) .wav files are used.

# Install DeepSpeech
pip3 install deepspeech

# Download pre-trained English model files

curl -LO
https://github.com/mozilla/DeepSpeech/releases/download/v0.9.3/d
eepspeech-0.9.3-models.pbmm

curl -LO
https://github.com/mozilla/DeepSpeech/releases/download/v0.9.3/d
eepspeech-0.9.3-models.scorer

Figure 7. Installation [22]

The __init__ function of the VADAudio class initializes with parameters for a callback, device,
input rate, and file, with default values for everything but the input rate. The class sets up an
instance method proxy_callback that returns the PyAudio signal after calling the callback.

During initialization, it assigns the callback to handle audio data, creates a buffer queue, sets
the device and input rate, and calculates the block size based on the sample rate. A PyAudio stream
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is created with parameters like format, channels, and rate, and the aggressiveness of background
noise filtering is set. If a device is provided, it is used as the input device, or if a file is passed, the
chunk size is set, and the file is opened for reading,.

The class contains six functions: resample, read_resampled, read, write_wav, a frame
generator, and a voice activity detection (VAD) collector. The resample function adjusts audio data
to a 16 kHz sample rate. The read and read_resampled functions handle reading raw and
resampled audio data, respectively. The write_wav function writes audio data to a WAV file, which
is shown in Fig. 8. The frame generator yields raw or resampled data based on the input rate.

def write wav(self, filename, data):
logging.info ("write wav %s", filename)
wf = wave.open(filename, 'wb')
wf.set channels (self.CHANNELS)
# wf.setsampwidth (self.pa.get sample size (FORMAT))
assert self.FORMAT == pyaudio.palntl6
wf.setsampwidth (2)
wf.setframerate (self.sample rate)
wf.writeframes (data)
wf.close()

Figure 8. Function that writes data to an output file [22]

The utilization of the spatial diversity provided by multiple audio devices without the need for
wired networking is a significant challenge, leading to extensive research efforts in the past decade
due to its potential practical and commercial advantages.

WASNs have emerged as a fresh approach to acoustic sensing, aiming to address the
constraints of stand-alone devices. By addressing new issues in managing asynchronous channels,
unknown microphone positions, and distributed computing, in addition to enabling wireless
communication between microphone nodes, the WASN allows us to distribute multiple recording
devices spatially. These could encompass a broader range and make use of the nodes to create a
larger microphone array. It guarantees a major enhancement in the efficiency of different audio
assignments, like improving speech quality, recognizing speech, identifying speakers, analyzing
scenes, and detecting unusual sounds.

Although it might be challenging to assign a strict classification to spatial audio techniques,
many of them fall into one of two general categories: model-based or data-based. In the past,
model-based techniques created sound scopes using discrete virtual sound sources that are
powered by a set of audio input signals and analytically defined by mathematical or physical
models. Model-based techniques include vector base amplitude panning (VBAP), stereophonic
amplitude panning (WFS), and others. Conversely, data-driven spatial audio techniques use sound
scene representations, where the audio waves contain spatial information stored in them.

The source of the spatial data may come from simulations, acoustic measurements, or array
recordings. Social media is a vital tool for community discussion and information sharing about a
wide range of events. Creating datasets from three specific social media platforms-Instagram,
Snapchat, and Twitter is used to investigate the quality of the sentiment analysis (SA) of
impressions about. WhatsApp is the most appropriate platform for expressing negative emotions,
followed by Facebook, Twitter, and Instagram, according to the analysis of the samples and the
methods. Perceived fit for WhatsApp was highest for conveying pleasant emotions, followed by
Instagram, Facebook, and Twitter. All that the system offers is a comparison between these four
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platforms. The RF methodology was the main method used, and it had a 94% accuracy rate in
predicting results. The fact that the data collection period was so brief, just one month, came with
certain restrictions. Taking twitter data set as an example, a visualization of sentiment analysis.
The first step is exploring the dataset, as shown in Fig.9.

import pandas as pd

data = pd.read csv('training.csv', encoding='IS0-8859-1', header=None)
column names = ['target', 'ids', 'date', 'flag', 'user', 'text']
data.columns = column names

head = data.head()

info = data.info()

describe = data.describe()
head, info, describe

Insights received as:

Figure 9. Exploring dataset [22]

o The dataset has 1.6 million tweets, with no missing values in any column.

o Each tweet has a target sentiment (0 for negative,2 neutral, 4 for positive), an ID, a
timestamp, a flag (query or 'NO_QUERY"), the username, and the text.
o The sentiment targets are balanced, with an equal number of positive and negative

labels [8]. Further step is visaulasing received insights and dividing positive and negative ones,
which is demostrated in Fig. 10. Visualized picture of the output is provided below in Fig. 11.

column
positive tweets = data[data['target'] == 4]['text']
negative tweets = data(data(['target'] == 0]['text']

sample positive text = " ".join(text for text in
positive tweets.sample(frac=0.1, random state=23))
sample negative text = " ".join(text for text in
negative_tweets.sample(frac=0.1, random state=23))

sentiments

wordcloud positive = WordCloud(width=800, height=400,
max_words=200,

background color="white").generate(sample positive text)
wordcloud negative = WordCloud(width=800, height=400,
max_words=200,

background color="white").generate(sample negative text)

plt.figure(figsize=(15, 7.5))

# Positive word cloud

plt.subplot(l, 2, 1)

plt.imshow (wordcloud positive, interpolation='bilinear')
plt.title('Positive Tweets Word Cloud')

plt.axis ("off")

# Negative word cloud

plt.subplot(l, 2, 2)

plt.imshow(wordcloud negative, interpolation='bilinear')
plt.title('Negative Tweets Word Cloud')

plt.axis("off")

plt.show()

Figure 10. Selecting positive and negative tweets and combine them together [22]
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Findings/Discussion

The study explored several sentiment analysis techniques and models, each offering different
levels of performance and efficiency across various text data sets. ROBERTa demonstrated the
highest accuracy in recognizing emotions in text, achieving a score of 0.74. However, there remains
a need to generalize this model further to ensure consistent performance across diverse datasets.
Meanwhile, hybrid methods, including a combination of part-of-speech tagging and attribute
detection, offered insights into consumer intelligence. These methods showed potential for
improving sentiment analysis by expanding the range of detectable attributes and reducing
computational costs, though challenges persist in short text categorization. Deep learning models,
such as LSTM combined with additional network layers, improved sentiment classification,
particularly in capturing long-term dependencies in text. The hybrid approach of integrating
association rule mining (ARM) techniques and recurrent neural networks (RNNs) also showed
promise in extracting explicit sentiment elements from text data, reaching an F-measure of
75.51%. However, managing implicit elements remains a challenge in real-world applications, as
these methods tend to overlook nuanced contextual words. The ABSA techniques explored in this
research provided a framework for summarizing reviews by categorizing text into broad aspects.
The proposed unsupervised method, which utilized association rule mining for aspect category
identification, outperformed simple baselines, achieving a 67% F1 score. However, incorporating
implicit factors into aspect extraction led to significant improvements, particularly in enhancing
accuracy. The cross-lingual sentiment classification approach successfully aligned topics across
different languages and domains, further improving latent feature representation. This model
surpassed cutting-edge methods in multilingual datasets, though bipolar word presence continues
to be a major challenge. One of the key challenges identified in sentiment analysis is the need for
robust methods to handle privacy concerns. Fully Homomorphic Encryption (FHE) offers a
promising solution by allowing sentiment analysis on encrypted data, addressing the risks of
analyzing personal information. Additionally, the study highlighted the difficulties in analyzing
evolving elements in customer reviews, particularly in the cold start problem, were limited data
availability hampers model performance. In the realm of spatial audio processing, wireless
acoustic sensor networks (WASNs) emerged as a novel approach to improve speech quality,
speaker recognition, and sound detection. By distributing recording devices spatially, WASNs
overcome the limitations of stand-alone devices, enhancing the efficiency of various audio-related
tasks. Data-driven spatial audio techniques were noted for their ability to capture and utilize
spatial information from sound scenes. Finally, sentiment analysis on social media platforms
revealed varying performance across different channels. WhatsApp emerged as the most effective
platform for expressing negative emotions, while Instagram excelled in conveying pleasant
emotions. The random forest methodology used in the analysis achieved a high accuracy rate of
94%, though the brief data collection period posed limitations.

JLH. T'ymunese amoiHdarbl Eypasus yammeulk yHueepcumeminiy XABAPIIBICHI. N91(154)/ 2026 257
TexHUKA/bIK FbLAbIMOAAp HCIHE MeXHOA02USNAD CepuUsiChbl
ISSN: 2616-7263. eISSN: 2663-1261



AK. Aitim, M.A. Abdulla

Conclusion

Overall, the results indicate that while several sentiment analysis techniques and models
demonstrate high performance, challenges remain in generalization, managing implicit contextual
elements, and addressing privacy concerns. Future research should focus on refining hybrid
methods, improving cross-lingual sentiment analysis, and leveraging advanced encryption
techniques to ensure the safe and effective application of sentiment analysis across various
domain.
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9.K. 9ittim, M.A. A6aysuia*
XanbIKapasblK aKlapaTThIK TEXHOJIOTUSIAP YHUBepcUTeTi, AiMaThl, KazakcTaH
KeTingipinren keHI-Kyii Taajay apKbljibl NaiJaJaHy bl TIKipUOeECiH xKaKcapTy
AnaaTna. 9dJjieyMeTTiKk Meaua MiaTdopManapbiHja, Xabap ajaMacy KOChIMIIAJapblH/A,

3JIEKTPOH/IbIK KOMMEpPLIMS CalTTapblH/A XXoHe 6acKa Jja OHJIalH CepBUCTEP/e NaijasaHyllblaap
»KacaUTbIH MOTIHJIK KOHTEHTTIH XbLIJaM 6©cCyi KOFaM/bIK MiKipJi TYCiHy *X89He LUQpPJbIK
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KbI3MeTTep/liH canacblH »aKCapTy YLIH aBTOMAaTTaHAbIPbUIFAH KOHUI-KYHAI Taijay/blH,
MaHBbI3AbUIBIFBIH apTThIpAbL. Bys 3epTTey/iH MakcaTbl — KOHUI-KYHAI Tajajay yLiH 3aMaHayy
Taburu Tingi enHaey (Natural Language Processing, NLP) TacingepiH 3epTTey xoHe
nalJaJlaHyllbIapAblH, MiKipJepiH Tanzay MeH KOPBITBIHAbLIAY YUIIH NakJaJaHyLIbl
TIXipUOECiH XeTinJipyre apHa/sFaH THIM/JI 9ic YCbIHY. 3epTTeYAiH FbUIBIMU MaHbI3/AbLIbIFbI
YJ/IKEH KeJsieM/Jeri KypblIbIMIaJIMaFaH MITIHAIK JepeKTep/i oHAey *oHe MauAaJlaHylblIap/blH
niKipsepingeri 3MOUUAIBIK 3aHAbLIBIKTApAbl aHBIKTAY YIUIH MallMHAJbIK OKbITY MEH TepeH,
OKBbITy 9JiCcTepiH 3epTTeyJe KepiHeAi. 3epTTey oAicTeMeci MOTiHZI a/JJblH aja 6HJAEYA],
TOKEHU3aLUAHbI, TpaHCOOpMepJiK MoJesbJep HeridiHAe BeKTOpHU3alUsiHbl, COHJai-akK Long
Short-Term Memory (LSTM) Moaenbjepi MeH MalllMHAJbIK OKbITY aJrOPUTMJEPiH KOJJaHy
apKbLJIbl KOHII-KYHA1 )KiKTeyi KAMTHU/bL. 3epTTey HOTHXKeJlepi TEPEH OKbITY MOJeJib/iepi KeHiJI-
KYWJI aHBIKTay J9JAIMIH apTThIPbIN, MITIHAIK JAepeKTepZeri naljajaHyllblIap MiKipiH
HEeFypJIbIM CeHIMJ TasnJjayFa MyMKiH/iK 6epeTiHiH kepceTei. AJIbIHFaH HOTHXKeJiep KOHiI-KYyuai
Tajlayfa apHaJfaH THUIMJI aHaJWMTHUKaJIBIK KypajJapAbl JAaMbITyFa YyJieC KOCaZbl >XoHe
TYThIHYIIbLIAP/AbIH KaJlayblH TYCIHY MeH IUQpPJbIK KbI3MEeTTepAiH camacblH apTThIpy/Ja
O6M3HecKe MPaKTUKaJBIK KOJJay KepceTeai.

Ty#iH ce3aep: KeHiJI-Kyii Tanjay, TaOUFU TUIAI eHAey, naiAasanyuibl Taxipubeci, LSTM
KeJlijiepi, MOTIH/I XKiKTey.

9.K. 9uTim, M.A. A6ay1a*
MexayHapoHbIH YHUBEPCUTET HHGOPMAIMOHHBIX TEXHOJIOTUH, Aamamel, Kazaxcmau
IloBbIlIEHHE N0/Ib30BATE/ILCKOTO OMNbITA 32 CYET PACIIMPEHHOr0 aHA/IM3a HACTPOEeHUH

AHHOTanMA. CTpeMHUTe/NBbHBIA PpOCT N0JIb30BaTEJbCKOTO TEKCTOBOTO KOHTEHTa Ha
naaTdopMax COLMa/TbHBbIX CeTed, B NPUJOKEHUSAX JJisd obMeHa COOOIIeHHWsIMM, Ha calTax
3JIEKTPOHHOM KOMMepLHHM U JPYyrUX OHJIaMH-CEPBHCAX 3HAYMUTEJbHO IMOBBICUJ 3HAaYUMOCTH
aBTOMaTU4YeCKOr0 aHajJu3a TOHAJbHOCTU /JJid [OHMMaHHUA OOILeCTBEHHOTO0 MHEHUS |
yaydlleHUs1 LUU(QPOBBIX cepBUCOB. llesib AaHHOro HccaefOBaHUA 3aKJIKYaeTCd B W3yYeHUHU
COBpEMEHHbBIX IOJX0/0B K 00paboTke ecTecTBeHHOTO fA3bIKa (Natural Language Processing, NLP)
JUI1 aHa/Ju3a TOHAJbHOCTH U pa3paboTke 3¢PeKTHBHOIO MeToJa aHajJu3a U 00001eHUs
N0JIb30BaTeJbCKUX OT3bIBOB C LieJbl0 YJy4YLIeHUS [0JIb30BaTeJbCKOro onbiTa. HayuHas
3HAaYMMOCTb pabOThbl 3aKJH4YaeTCsd B MCCAeJOBaHUM COBPEMEHHbIX METOJ0B MAalIMHHOTO
00y4yeHHUs U IJIyOOKOro 06ydyeHUs AJis 06paboTKU 60JbIIMX 06bEMOB HECTPYKTYPHUPOBAHHBIX
TEeKCTOBBIX J@HHbIX U BbISIBJIEHUS] 3MOIIMOHAJbHBIX 3aKOHOMEPHOCTEW B MO0JIb30BaTeJbCKUX
oT3bIBaXx. MeTOJ0JIOTUSA UCCAeOBAaHUS BKJIIOYAaeT MpeJBapUTeJbHYI0 00pabOTKy TeKCTa,
TOKeHU3al{10, BEKTOPU3aLMI0 C UCN0Jb30BaHUEM TPaHCPOPMEPHBIX NpPeJCTaBJIeHUH, a TaKXKe
KJ1accuUKaLUI0 TOHAJbHOCTU ¢ NpuMeHeHHeM Mogesieil Long Short-Term Memory (LSTM) u
aJITOPUTMOB MAallMHHOTO 00y4yeHUs. Pe3ysbTaThl Mccilef0BaHUs MOKAa3bIBalOT, YTO MOJEIU
r1yb0KOro o6ydyeHus1 NOBBILIAIOT TOYHOCTh ONpe/ie/IeHHs] TOHAJbHOCTH U 00ecreduBaloT 6oJee
Ha/leXKHbIM aHaJIu3 MHEHUU M0Jb30BaTesIel, BbIpaXKEHHBIX B TEKCTOBBIX JaHHbIX. [los1yyeHHbIe
pe3yJibTaTbl CHOCOOCTBYIOT Pa3BUTHUI0 3P(EKTUBHbIX aHATUTUYECKUX WHCTPYMEHTOB [JIs
aHa/Ji3a TOHAJbHOCTU U HMEWT NpaKTU4YeCcKoe 3HayeHUWe /sl OW3Heca MPU U3YUYEHUU
NpeANOYTEHUN NOTPeOUTEEN U MOBbILLIEHUU KauecTBa IMPPOBBIX CEPBUCOB.
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KioueBble c/10Ba: aHa/M3 TOHAJbHOCTH, O0OpabOTKa €eCTEeCTBEHHOr0  f3bIKa,
M0J1b30BaTe/bCKUM OoNbIT, ceTu LSTM, knaccudukanus Tekcra.
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